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PEEPACE. 



The increasing importance which the stndj of Pathology 
and Morbid Anatomy has recently assumed in this 
conntry, has induced the author to endeavour to supply 
an admitted want in our medical literature, by publishing 
this small work on the subject. As qualifications for 
so doing, he claims merely to have been during the past 
few years a student and teacher in the Fost-Mortem 
Boom, and to have endeavoured to make himself ac- 
quainted with the writings of others on the same 
subject. 

This work, as its title implies, is strictly elementary. 
Its object is to give a brief account of the more important 
morbid processes which take place in the human body, in 
accordance with the present position of pathological 
knowledge. To fulfil this end, the general pathology of 
each process has first been described, and subsequently 
the same process as it occurs in the several organs and 
tissues of the body has been considered. 

As the work is mainly intended as an elementary text- 
book for the student, a discussion of the different views 
which are held by different Pathologists respecting some 
of the subjects of which it treats, has been as far as pos- 
sible avoided, the author having endeavoured to advance 
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those opinions wliich appear to him to have the greatest 
claim on general acceptance. For the same reason re- 
ference to the various anthors has in most cases not been 
given, it having been deemed sufficient to append a list of 
the principal works which have been consulted. 

Pathology has made such rapid and important ad- 
vances during the last few years — ^mainly owing to the 
researches of German investigators — and the knowledge 
of some of the most important of the morbid processes — 
e,g,j the development of new formations, inflammation, 
and tuberculosis — is still so far from being complete, that 
the author has experienced considerable difficulty in the 
composition of this work. For its many imperfections 
he would therefore claim the reader's indulgence. 

The woodcuts have for the most part been bor- 
rowed from other works, principally from " Rindfleisch's 
Lehrbuch der pathologischen Gewebelehre ;" but some of 
them have been drawn by the artist from the author's 
own preparations. 

In conclusion, the author must express his deep obliga- 
tions to his colleague. Dr. Silver, for the trouble he has 
so kindly taken in helping him to revise the proof-sheets 
as they haT e passed through the press, and also for the 
many valuable suggestions given him in the preparation 
of the work. 



74, WiMPOLE Stbzbt, Cavendish Square, 
August, 1871. 
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INTEODUCTION. 



Patholoot treats of the origin, nature, course, and 
canses of those changes in the body which constitute 
disease ; Morbid Anatomy, or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for the most part in an 
alteration in the functions, properties, or structure, of some 
tissue or organ, owing to which its office in the economy 
/ is no longer performed in accordance with the normal 
standard. As health is itself merely a relative term and 
implies no definite performance of the processes of life, 
so disease is equally indefinite ; it cannot be separated 
from health by any well-defined boundary, the 'one pass- 
ing by insensible gradations into the other. 

Disease, being thus merely an abnormal performance 
of those processes which constitute life, a knowledge of 
these must necessarily precede the study of pathology. 
Life comprises the formation and maintenance of the 
tissues and the exhibition of their various functions. 
Such formation and maintenance which may be included 
under the general term of NtUrition, consist in the con- 
tinuous supply of new material, the separation of this 
from the blood, and its appropriation by the tissues, to- 

B 



2 INTRODUCTION. 

gether with the removal of the products of their waste. 
Function is the special manifestation of the life of the 
part, as distinct from its growth and the maintenance of 
its structure; in the secreting cell, consisting in the 
alteration of the substances abstracted from the blood to 
fulfil some special purpose in the economy ; in nerve, in 
the transmission of impulses of motion and sensation, 
&c. The performance of function is obviously dependent 
upon the state of nutrition. When both of these are 
normal the condition is one of health, when abnormal one 
of disease. 

As in health the nutrition is principally dependent 
upon the tissues themselves, these abstracting, appro- 
priating, and altering the material which is supplied to 
them by the blood ; so in disease it is the tissues which 
play the most important part, and alterations in them 
are amongst the most frequent of the morbid processes. 

The supply and composition of the hlood must at the 
same time constitute a most important cause of abnormal 
nutrition. In regarding the blood, however, as a cause 
of disease, it must be borne in mind that this fluid is in a 
state of constant dependence upon other parts ; its com- 
ponent elements are derived from external sources aud 
undergo continual change, and although possibly under 
certain circumstances it may become altered by virtue of 
changes in the nutritive activity of its corpuscular ele- 
ments, alterations in its constitution must in most cases 
result either from some change in the process of its for- 
mation, as from the ingestion of improper or insufficient 
food, mal-assimilation, or disease of the lymphatic struc- 
tures ; from changes in the secretory or excretory pro- 
cesses; or from the introduction of foreign substances, 
derived from extraneous sources. Whilst, therefore, 
alterations in the composition of the blood may be im- 
portant agents in the production of abnormal nutritive 
changes, they almost invariably depend upon some ante- 
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cedent condition, and can rarely be regarded as the pri- 
mary cause of disease. 

The blood may also become a cause of disease, owing 
to an abnormal activity of its white corpnsdes and their 
migration through the walls of the blood-vessels into the 
surrounding tissues, where they may constitute centres 
of morbid nutritive changes. (See " Inflammation.") 

Lastly, the influence of the nervovs system must be 
taken into account in considering alterations in nutrition 
and function. This not only influences the circulation 
and supply of blood, but also tissue-change; recent 
researches tending to show that nerve-fibres terminate in 
the ultimate elements of nearly all tissues. 

The^r8^ part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terized mainly by alterations in nutrition ; the second^ 
to those in which an altered nutrition is associated with 
changes in the blood and circulation, constituting " in- 
flammation ;" and the thirds to changes in the blood and 
circulation alone. 
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CHAPTER I. 

THE "CELL." 

As tlie most important element in nutrition, both in 
health and disease, is the activity of the tissues them* 
selves— the supply of nutritive material, although an 
essential, being merely a passwe part of the process — it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universally accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and function ; 
and further, that each individual cell is itself an indepen* 
dent organism, endowed with all those properties, and ca* 
pable of exhibiting all those active changes which are 
characteristic of life. Every organized part of the body 
is either itself a cell or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
exhibiting any manifestation of life, it must be borne in 
mind, that in a complex organism, the phenomena of life 
are the result of the continued activity of innumerable 
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cells, many of wHdi possess distinct and pecnHar func- 
tions, and wHch by their combination become endowed 
with new powers, and exhibit new forces; so that, 
althongh each individual nnit possesses an independent 
a<;tiyity, it is in a state of constant dependence npon 
others with which it is more or less intimately associated. 

Constitution op Cells. — When the analogy was esta- 
blished between the animal and vegetable cell, the former 
was held to be constmcted in all cases 
upon the same principle as the latter, 
and to consist of a cell-wall, enclosing a 
cavity in which were contained a nucleus 
and fluid contents. (Fig. 1.) This was 
the idea of the cell held by Schwann and 
Remak, and supported especially by Vir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
of a cell- wall was in many cases not evi^ Cells fhm a can' 
dent : in the embryonic cells, in those of ^;, ^^nffceO- 
many rapidly growmg new formations, nuclei, and nu- 
and in the corpuscles of blood, pus, and ^^^•. Thenudei 
mucus, no limiting membrane could be 
demonstrated. This led to a new definition of the cell by 
Ley dig and Max Schultze, who held that a little mass of 
matter enclosing a nucleus was all that was necessary for 
its constitution. The latter of these physiologists not 
only rejected the cell-wall as an essential constituent, but 
established the identity of the mass of matter (cell-con- 
tents) with animal sarcode — a contractile substance exist- 
ing in the lower animals — and showed, that like it, it was 
endowed with the power of spontaneous movement : this 
substance he called protoplasm. He further pointed out, 
that the existence of a distinct cell-wall was the result of 
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a retrograde process taking place in tHe outer layers of 
the protoplasm, and that the latter was the real seat of 
the activity of the cell. These views closely correspond 
with those held by Dr. Beale in this country.* 

The definition of a cell has been still further modified 
by Briicke, Strieker, and others, who consider that the 
existence of a nucleus is not essential to its constitution. 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lowest animal forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a ceU — i. e., an elementary orga- 
nism, capable of exhibiting independently all the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant, and almost invariable constituent. The cell- 
waU is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. . 

Protoplasm itself is a homogeneous structureless mate- 
rial, although as it is met with in cells, it usually contains 
adventitious matters — as granules of fat, pigment, &c. — 
which are either the result of its metamorphosis, or have 
been taken up from without. In consistence it is subject 
to constant variations, being sometimes perfectly fluid, 
at others more or less solid and gelatinous. The cell- 
wall when- it exists, is of much firmer consistence than 
the protoplasm. In some cells, the protoplasm consti- 
tutes but a small proportion of the cell-contents, other 
substances peculiar to the cell being associated with it ; 
as for example, fat, in the cells of adipose tissue. (See 
also fatty infiltration of Hver cells. Fig. 10.) 



* Dr. Beale calls the protoplasm, gemUtuU matter or bioplasm; 
the cell-wall, formed materioL 
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THE " CELL. 

The naclens is mncli more constant both in size and 
form than the cell. It is usually spherical or oval in 
shape, and often contains one or more minute, round or 
angular bodies, termed nucleoli. It offers a greater re- 
sistance to chemical reagents than the other constituents 
of the cell, and in disease often remains after these have 
been destroyed. It is also stained more deeply by car- 
mine. Structurally, it appears often to be perfectly homo- 
geneous, or faintly granular ; in some cases it is invested 
by a limiting membrane, and is thus of a vesicular na- 
ture. Several nuclei may be contained within the same 
cell. 

Physiologt op Cells. — ^The cell being, as already stated, 
the seat of all those nutritive, and functional processes 
which are characteristic of life, the question arises, as to 
what part is played by its respective constituents, and 
whether the cell-wall, the protoplasm (cell-contents), and 
the nucleus have different offices. 

The cell- wall being the result of a retrogressive change 
in the protoplasm, it cannot be regarded as taking any 
part in the life of the cell, the activity of which is dimi- 
nished by its existence, as is also its power of reproducing 
itself by division. It is in old cells that a cell-wall is 
most frequently met with, in those newly formed it is 
usually entirely wanting. 

The nucleus has always been looked upon as the seat of 
the nutrition, as distinct from the specific functions of 
cells, and has been supposed to play an important part 
in their multiplication and reproduction. The fact that 
when a cell divides, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to favour this view; as 
would also the great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
cell. It must be borne in mind, however, that non- 
nudeated cells may multiply, and that nucleated cells 
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have been observed to divide, tbe nucleus itself taking no 
part in the process. 

Whatever be the part played by the nucleus, there can 
be no doubt that the protoplasm is the most important 
factor of the cell, and it may itself be the only consti- 
tuent. The spontaneous movements, alterations in form, 
and migratory powers characteristic of young cells, are 
due to the protoplasm ; such movements are observed in 
the cells of the embryo, in lymphatic and young epithe- 
lial cells, in some of the cells of connective tissue, and in 
white blood-corpuscles and pus-corpuscles. 

The protoplasm, as already stated, may be the sole 
seat of the nutritive and formative pqwer of the cell ; it 
would appear, however, probable that it is especially 
concerned in the performance of function, and that the 
specific functional peculiarities of cells are dependent 
rather upon it, than upon their other constituents. The 
volume and consistence of the protoplasm varies in diffe- 
rent cells, and in the same cell, at different times and 
under different circumstances. It is apparently capable 
of imbibing and giving up fluids, at the same time under- 
going corresponding alterations in volume. These con- 
siderations render it probable that it is the seat of the 
selective power of the cell, and of those other properties 
which represent its specific functions. 

Genesis op Cells. — The proposition of Yirchow, that 
every cell originates directly from a pre-existing cell, 
forms the basis of the pathology of the present day. To 
Bemak, however, must be ascribed the merit of having 
first established the cellular origin of the tissues. 

The multiplication of cells may take place in three 
ways — by svmple division, by genvmation, and by endo- 
genous growth. In the first two methods the cell breaks 
up into fragments, in the last new cells originate within 
the parent cell. The process is obviously associated with 
growth and increase of the protoplasm. 
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The multiplication by simple division is the most fre- 
quent method. The cell divides and forms two cells, and 
each of these again divides and forms two more, and so 
on. In nucleated cells the nnclens as a rule divides first. 
The nnclens, however, may divide and multiply within 
the cell without any division of the ceU taking place. 
The existence of a dense cell-wall interferes with multi- 
plication by simple division. 

In multiplication by gemmation, a small portion of the 
protoplasm projects from the cell, and becomes detached 
by constriction at its base, and thus forms a new cell. 
This is much less frequent than the former process. 

Endogenous multiplication occurs principally in cells 
possessing a dense cell-wall, as in some varieties of epi- 
thelium. The protoplasm divides within its limiting 
membrane, and thus a number of new cells are formed 
within the parent cell, from which they are subsequently 
liberated either by the destruction of its wall, or by virtue 
of their own amoeboid activity. 



CHAPTER IL 

NUTRITION ARRESTED. 

The absolute and permanent arrest of nutrition consti- 
tutes local or systemic death. Under this head are 
inclnded the three following processes : — 

1. General or Systemic Death. — In this, the arrest is 
general; the nutritive processes cease throughout the 
whole body. 

2. Gangrene or Necrosis, — The arrest is local, and con- 
fined to a particular part, which, when dead, retains to 
a greater or less extent its external form and anatomical 
characters. 

3. Molecular Death or Necrobiosis. — The arrest is also 
local, but usually results from a previous gradual impair- 
ment of the nutritive processes, which ultimately entirely 
cease in some of the histological elements. The dead 
part is a granular debris in which all trace of the original 
structure is lost. This will be considered under " Atrophy 
and Degeneration." 

GANGB^NE OB KECBOSIS. 

Gangrene or Necrosis is the complete and permanent 
arrest of nutrition in a part — occurring for the most part 
more or less suddenly — which, when dead, retains to a 
greater or less extent its external form and anatomical 
structure. The series of processes by which this is 
brought about is called Mortification, the dead tissue, a 
Sphacelibs or Slough, In bone the process is called 
Necrosis, the result, a Sequestrum. 
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The arrest of nntrition is followed by the complete 
cessation of all the evidences of life both functional and 
physical ; and the part thus removed from the influence of 
the ** vital forces" undergoes those chemical and physical 
changes which are common to inanimate organic matter. 
In a limb, for example, there is paralysis of motion and 
sensation, coldness, dryness of the surface ; the natural 
firmness and elasticity are lost ; and it becomes soft and 
doughy, the colouring matter escapes from the blood- 
corpuscles, and dissolved in the liquor sanguinis per- 
meates and stains the tissues. Evaporation from the 
epidermis is hindered : consequently, if the limb contains 
much blood, the transuded serum and the watery con- 
stituents of the tissues form large bullae on the surface. 
As decomposition proceeds, ganes are generated in the 
part ; — principally sulphuretted hydrogen, ammonia, ni- 
trogen, and carbonic acid : these give rise to the emphy- 
sematous crackling which is so often associated with the 
gangrenous process. The tissues at the same time 
undergo a process of softening or liquefaction, the limb 
becomes exceedingly offensive, and changes from a red- 
dish colour to a brownish or greenish-black, this is owing 
to changes in the transuded hsBroatine. If the limb does 
not contain a large amount of blood, and evaporation is 
allowed to go on freely from the surface by the destruc- 
tion of the epidermis and rupture of the bullae, it may 
dry up — ^the process of decomposition gradually ceasing — 
and be converted into a black shrunken mass, which 
undergoes but little further change : — this constitutes Dry 
Gangrene or Mum/mification, If, on the other hand, as 
is more commonly the case, the gangrene is associated 
with venous obstruction, and thus the return of blood 
and absorption of fluids are prevented, the evaporation 
from the surface is rarely sufficient to dry the limb, and 
consequently, the process of decomposition proceeds until 
it is completely disorganized : this is Moist Gangrene. 
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The characters of the dead part vary with its vascu* 
laritj, its structure, the cause of the gangrene, the acute- 
ness of the process, and the possibility of the access of 
atmospheric air. The more vascular the tissue, the softer 
its structure, and the more it is exposed to the atmo- 
sphere, the more rapidly and completely does it undergo 
decomposition. Bone, cartilage and tendons, which are 
firm hard tissues, containing comparatively but few 
vessels, undergo very little alteration in structure and 
form; whereas the softer parts are much more rapidly 
and completely destroyed. 

The occurrence of decomposition manifests itself in the 
first place in the blood contained in the part : this fluid 
undergoes the earliest and most rapid change. The 
hasmatine escapes from the red corpuscles, partly by 
exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining but 
a few minute granules. 

The staining of the tissues with hsematine, commonly 
known as post-mortem staining, is very characteristic. 
All the tissues are more or less affected, the lining mem- 
brane of the blood-vessels, which is in immediate contact 
with the blood, being naturally more so than other parts. 
The staining is of an uniform pinkish-red colour, thus 
differing from the punctiform and stratiform redness of 
hypersemia, from which it must be carefully distin- 
guished. The amount of staining is in proportion to 
the rapidity with which decomposition has taken place, 
and to the amount of blood contained in the part at the 
time of death. It is usually most marked in the lining 
membrane of the heart and large blood-vessels. 

BiGOB Mortis. — In muscle the arrest of nutrition is ac- 
companied by a state of rigidity, known as the Bigor 
Mortis, This is a peculiar condition of the muscles ob- 
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served m almost all bodies after death, m which thej be- 
come firm and somewhat shortened, as though in a state of 
chronic contraction. It comes on as soon as the mnscles 
have lost their irritability, i.e., their capability of respond- 
ing to artificial stimulation ; in other words, as soon as the 
nntritive processes have completely ceased. The time of 
its appearance will therefore depend npon the state of 
nntrition of the muscles at the time of death ; the more 
healthy and vigorous this is, the longer it is before it 
completely ceases, and consequently the longer it is before 
the rigor mortis supervenes. The length of its duration 
and its intensity are in direct proportion to the lateness 
of its appearance. In people, for example, who are in 
perfect health, and die suddenly, as from accident, the 
rigor mortis does not usually come on until from ten to 
twenty-four hours after death, it is very marked, and often 
lasts two or three days. In those, on the other hand, who 
die from some exhausting disease, as phthisis or the ady- 
namic fevers, in which the nutrition of the muscles 
becomes much impaired, the rigor mortis appears very 
soon, sometimes only ten minutes after death : it is very 
slight and may pass off in less than an hour. It has been 
said that in cases of death from poisoning by carbonic 
acid and sulphuretted hydrogen, from lightning, and from 
some of the severer forms of the adynamic fevers, the rigor 
mortis is entirely absent. It is doubtful, however, if this 
is the case, as the rigor mortis has probably escaped 
observation, owing to its early supervention and rapid 
disappearance. As soon as the rigor mortis has passed 
off, decomposition of the muscular tissue commences. 

The rigor mortis occurs not only as the result of syste- 
mic and local death, but it may also be induced artifi- 
cially by temporarily arresting the nutrition of the muscle. 
If the supply of blood to a muscle is cut off by the appli- 
cation of a ligature to the artery supplying it, it quickly 
passes into a condition which is indistinguishable from the 
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rigor mortis ; if the ligature be removed sufficiently early 
this disappears, and the vitality of the muscle is restored. 

With regard to the nature of the change, it was for- 
merly supposed to be a spontaneous contraction, the last 
act of vitality on the part of the muscle. More recently, 
however, Kiihne and others have shown that it is really 
owing to the presence of a firm albuminoid compound 
(Myosin), which is separated from the fluid of the muscle 
when its nutrition has ceased, and coagulates in its sub- 
stance, thus causing the firmness, hardness, and opacity, 
which disappear as soon as its disintegration and decom- 
position commence. The transverse striation of the fibres 
then becomes indistinct, and gives place to irregular rows 
of granules and fat molecules, the muscle softens, its sar- 
colemma is destroyed, and ultimately nothing remains but 
a soft structureless debris. 

A similar coagulation appears to take place in the cells 
of plain involuntary muscle, and here also a rigor mortis 
occurs. In the cells of other tissues — as the Malpighian 
layer of the skin, the connective tissues, and glandular 
organs — a coagulation of the protoplasm has been ob- 
served on the cessation of the nutritive processes ; the 
cells become cloudy, and granular, and then break up into 
molecules of various sizes. 

The termination of the gangrenous process varies ; it 
may, after involving a greater or less extent of tissue, 
become arrested, and a ** line of demarcation" form be- 
tween the dead and living parts (Cvircwnscribed Ocmgrene), 
or the process may continue to extend without any such 
attempt at recovery {Diffuse Oangrene). 

The dead tissue — ^the sphacelus or slough — ^acts as a 
foreign body, and as such sets up inflammatory changes 
in the adjacent structures ; and it is by this means that 
it is ultimately removed, or becomes encapsuled. The 
tissues immediately surrounding the necrosed part are 
thus in a state of inflammation, as is evidenced m external 
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stractares by their swelled condition, red colour, and high 
temperature. As the gangrenous process ceases, the 
necrosed fragment becomes limited by this line of inflamed 
tissue, which consitutes the " line of demarcation" between 
the dead and living parts. Along this line a process of 
ulceration and suppuration takes place, and by means of 
this the dead mass is gradually separated from the sur^ 
rounding structures. The ultimate termiaation of the 
process depends principally upon the situation of the 
affected part ; if this is superficial the slough is thrown 
off as in external parts, the intestines, pharynx, &c., an 
ulcerated surface being left. If the dead mass is deeply 
seated, its removal becomes possible only by the extension 
of the necrotizing process to the surface, as is exemplifie4 
by the spontaneous removal of necrosed bone through 
fistulous openings in the soft parts, and by the opening of 
an abscess. In other cases the inflammatory process which 
takes place in the tissues surrounding the dead part 
is less intense, and the formation of pus is less abundant, 
and is soon followed by that of connective tissue, a layer 
of which is ultimately formed around the necrosed mass 
by which it becomes enca^stded. This occurs especially 
in internal parts ; examples of it are furnished by foreign 
bodies, masses of tubercle, hsemorrhagic infarcts, accumu- 
lated epithelial products, portions of necrosed bone, and a 
foetus in the abdominal cavity, aU of which may thus 
become surrounded by a layer of connective tissue. The 
part when thus encapsuled is rendered inert and no longer 
acts as an irritant to the tissues in which it lies ; it under- 
goes a gradual process of absorption and drying up, and 
often becomes calcified. 

GA.USS8. — The causes of gangrene may be divided into 
those which interfere with the supply of nutritive mate- 
rial, and those which directly destroy the vitality of the 
histological elements, so that they are no longer able to 
perform their functions. 
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A. The supply of nutritive material may be interfered 
with by : — 

1. Obstruction in the ^r^ert6«.-— This is a common cause 
of gangrene. The obstruction may be caused by a liga- 
ture, by compression of the vessel, by solution of its 
continuity, by thrombus or embolism, and by disease of 
the arterial coats. If the obstruction is complete and a 
collateral circulation cannot be established, death of the 
part quickly ensues. Obstruction to the arteries alone, 
the return of blood by the veins not being interfered 
with, usually produces the dry form of gangrene. 

2. Ohstruction in tlie Capillaries, — Obstruction here is 
usually the result of pressure upon and stretching of the 
vessels. This may take place by the accumulation of 
inflammatory products, new formations, hsBmorrhage, &c., 
all of which by the pressure they exercise upon the 
capillaries may cause gangrene. The opening of an 
abscess takes place in this way, — the pressure exercised by 
the pus upon the tissues between it and the surface arrests 
the circulation, thus causing the death of these tissues, and 
so allowing the pus gradually to approach nearer and 
nearer the surface, until it ultimately escapes. Perfora- 
tion of the pleura in abscess of the lung is another 
example of the same process. The necrosis of the super- 
flcial layers of bone which so frequently results from 
periostitis, is in the same manner caused by the inflam- 
matory products compressing the nutrient vessels of the 
bone. New formations and tumours may also, by inter- 
fering with the circulation in neighbouring structures, 
cause their death, as is exemplified by the molecular death 
which occurs in cirrhosis. 

3. Obstruction in the Vevns, — Obstruction to the return of 
blood by the veins must be so complete in order to arrest 
nutrition, that it is in itself rarely a cause of gangrene. 
It is when associated with obstruction in the arteries, that 
it constitutes an important agent in producing this result. 
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Tlds oombination of venous and arterial obstractdon is 
seen in a strangulated hernia, in the invagination of a 
portion of the intestine, in the constriction of a part bj a 
tight bandage, and in contusions and lacerations of the 
soft parts in which both arteries and veins are injured, or 
become strangulated by the tension of the tissues which 
subsequently ensues. In all cases in which gangrene is 
associated with venous obstruction it is of the moist 
variety. 

4. Diminished Cardickc Power. — ^This, like venous ob- 
struction is seldom independently a cause of gangrene. 
In cases, however, of excessive general debility, or disease 
of the cardiac substance, the consequent diminution in the 
contractile power of the organ, materially aids the fore- 
going causes in producing a fatal blood-stasis. The arrest 
of the circulation in *' Senile Gangrene," and the sloughing 
of the back which so often occurs in adynamic fevers, and 
chronic exhausting diseases, are in great measure the 
results of diminished cardiac power. 

B. Destruction of the vitality of the histological ele- 
ments may be caused by : — 

1. Inflammation. — The effect of the inflammatory pro- 
cess is to impair the vitality of the affected part ; and the 
intensity of the process may be so great as to completely 
destroy vitality and cause gangrene. This result is un- 
doubtedly aided by the accompanying tension and blood- 
stasis. Gangrene from inflammation has been called 
injlamm^ory, acute, or hot gangrene. It is always of the 
moist variety, and is characterized by the heat, swelling, 
tension, and redness of the affected part, which quickly 
becomes flaccid, cold, of a greenish-black colour and exhales 
an offensive odour. Certain forms of inflammation have a 
special tendency to terminate in gangrene ; this appears to 
depend upon their specific chjaracters. Diphtheria, erysi- 
pelas, carbuncle, and "hospital gangrene,'' are of this class. 
In all cases the more impaired the nutrition of the part 
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which becomes the seat of an inflammatoiy process, the 
more likely is this to cause its death. 

2. Mechanical Agencies. — Under this head are included 
external violence, heat, cold, and corrosive substances, 
all of which, bj directly and completely destroying 
vitality, may be causes of gangrene. In most cases, 
however, this result is preceded by more or less inflam- 
mation. 

3. Poisons introduced into the Circulation. — ^Phospho- 
rus, ergot of rye, farcy, and glanders, are the most ' 
important of these. The necrosis of the jaw which results 
from phosphorus appears, however, to be owing to the 
direct contact of the phosphorus with the bone. The 
gangrene of the extremities which sometimes follows the 
long continued ingestion of ergot, is probably owing to 
that contraction of the small arteries which this substance 
produces. 

Senile Gangrene. — This is a form of mortification 
which affects especially the lower extremities of old 
people, and is the result of several of those conditions 
which have already been enumerated as causes of 
gangrene. 

The primaiy change usually takes place in the arteries 
of the limb. These become the seat of atheroma or calcifi- 
cation, in consequence of which the circulation is interfered 
with, and the vitality impaired. This is evidenced by cold- 
ness of the feet, cramps, and other abnormal sensations, 
which are usually experienced by the patient some time 
before the gangrene sets in. This tendency is materially 
increased by simultaneous atrophy, or degeneration of the 
muscular substance of the heart itself. The combined 
effect of the diminished vis d tergo and arterial degene- 
ration may, in some cases, be alone sufficient to cause 
arrest of the circulation and thrombus in the vessels of 
the limb, and thus to cause gangrene ; much more com- 
monly, however, there is some determining cause, as a 
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slight abrasion of the foot, a braise, injury to a corn, or 
excess of heat or cold, which sets up inflammation in the 
already weakened part, and thus by still farther impairing 
its vitality, and obstructing the circulation in it, causes 
its death. Senile gangrene is usually of the d/ry variety. 
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CHAFfER III. 

NUTRITION IMPAIRED. 

It lias been seen in the preceding chapiter that the abso- 
lute arrest of nutrition is followed by the complete 
cessation of all manifestations of vitality and function, 
constituting local or systemic death. Those conditions 
must now be considered in which the interference with 
nutrition, for the most part, falls short of absolute arrest, 
and in which, although vitality is impaired, death is only 
an occasional sequence. Such conditions are comprised 
under " Atrophy," and " Degeneration." 

A.TBOPHT. 

Atrophy is a diminution in the amount of a tissue, owing 
either to diminution in the size, or diminution in the 
nwmher, of the histological elements of which it is com- 
posed. It is attended by loss of weight, and impairment 
of function. 

When the elements are diminished in size only, it is 
called Simple Atrophy ; when the numher is diminished, 
it is called Numerical Atrophy. These two varieties are 
often associated, being different stages of the same pro- 
cess : simple atrophy may, however, exist without n/u/me" 
ricoL atrophy, but rMimerical never exists without svmple, 

I. Simple Ateophy. — Simple diminution in the size of 
the elements of a tissue is by far the most common con- 
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dition met with in atrophy. It ia well eiemplified by 
what takes placa m ordinary emaciation, in which the 
fat gradnally diaappeara from the subcntaneoue adipose 
tdssoe. Adipose tisane ia merely a, connective tiaane, the 
cells of which are distended with fat. When a person 
emaciates, the &t is gradually removed irom the cells, bo 
that they diminish in size, and the fat which completely 
filled the eel! may be rednoed to a few isolated drops; 
the cell-wall and nucleus at the same time often become 
distinctly visible {Fig. 2). Here there ia nodestruction of 
the cells, no diminntion in their number, but simply the 
remoT^ of some of their contents. 




>. Vomul. B. Atrophic, from a, c&se of 
.. - .^ — ,;le fut-cell witb cetl-wiUJ, nucleas, and 
>c 800. (Virchow.) 

Thie diminntion in the size of the elements may take 
place in any tissue. The cells of all glandular organs 
may thus becwme atrophied, and so produce a diminution 
in the size of the whole organ ; this is constantly met 
with in the hver, kidneya, mammary gland, spleen, 
testicles, lymphatic glands, and other parts. Muscular 
tisane in the same way atrophies by the diminntion in 
the size of its primitiTe foscicoli : this is seen in the heart 
and in the voluntary muscles. 

In all these cases Ute elements remain almost unchanged; 
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and hence all that is necessary for the restitution of the 
tissue is an increase in.thoir nutritive activity, and the 
assimilation of more material. 

II. NuMEKiCAL Atrophy. — This is an advanced stage 
of the former process : the elements are not only dimi- 
nished in size, but some of them have actually perished 
and ceased to exist as vital agents. 

This destruction of histological elements which occurs 
both in atrophy and in degeneration — and is called by 
Yirchow, Necrohiosis-rmwst be distinguished from the 
death of circumscribed portions of tissue which consti- 
tutes gangrene and necrosis. The two processes resemble 
one another in so far as death is common to both of them. 
In Necrobiosis, however, the change is a molecular one ; 
there is a gradual exhaustion of vital power, a molecular 
disintegration and destruction of elements, so that at the 
termination of the process all that remains is a granular 
d^ris, in which no trace of the former structure of the 
part can be discovered. The death and desquamation of 
the superficial layers of the epidermis is a well-known 
example of this molecular change. Oangrerie, on the 
other hand, affects circumscribed tracts of tissue, and is 
the result of some sudden arrest of nutrition, as distin- 
guished from the gradual exhaustion of vital power. 
Death is more suddenly induced, and a necrosed mass 
remains at the termination of the process in such a condi- 
tion that the structure of the part can usually be recognised. 

Numerical atrophy is thus of much graver import than 
that in which the elements continue to exist as such. In 
it, restitution is only possible by the production of new 
elements, whereas in simple atrophy, repair can be effected 
without new formation. 

Atrophy may be general — ^affecting to a greater or less 
extent all the organs and tissues of the body, or it 
may be paHicd and limited to particular parts. General 
atrophy is usually simple, and is rarely accompanied by 
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destmction of elements. It affects in the first place the 
snbcntaneous adipose tissue, then the adipose tissue in 
other situations, as that surrounding the viscera and in 
the omentum, then the muscles and glandular organs, and 
lastly the nervous and osseous structures. 

Although " atrophy" in its strict signification consists 
simply in a diminution in the size or number of the com- 
ponent elements of a tissue, it is rarely a perfectly simple 
process, but is usually associated with more or less fatty 
degeneration. This is owing to the fact that whenever 
the nutrition of a part is so much interfered with as to 
cause it to atrophy, it is very prone to undergo fatty 
changes ; and it will be seen when speaking of " fatty 
degeneration," that this process owes its origin to the 
same causes as atrophy itself. 

Causes. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those which have merely a 
local influence. 

General Atrophy may bje caused by : — 

1. Deficient supply of Nutritive Material. — ^Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. Deficient 
supply of food ; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
oesophagus or pylorus ; the mal-assimilation which results 
from the various conditions giving rise to dyspepsia; 
interference with the absorption of the chyle, from ob- 
struction of the thoracic duct, or disease of the mesen- 
teric glands constituting the so-called "tabes mesen- 
terica ;" may all in this manner be causes of general 
atrophy. 

2. Excessive WastC'^-^AXL those conditions which are 
attended by the loss of large quantities of nutritive 
material, may be causes of general atrophy. Such con- 
ditions are furnished by continuous hsemorrhages, profuse 



£4 NUTRITION IMPAIRED. 

and long-contimied suppuration sucli as occurs in caries and 
empyema, diarrhoea, and the excretion of large quantities 
of albumen or sugar as in Bright's disease or diabetes. 
The waste resulting from the increased tissue-change 
which accompanies acute febrile diseases, must also be 
included under this head. 

3. Impaired Nutritive Activity. — This constitutes an 
important element in the production of the atrophy of 
old age, — senile atrophy. As life advances, the vitality 
of the elements gradually diminishes, their ability to 
separate nutritive material from the blood, and to assimi- 
late it for their own maintenance becomes less and less, 
and hence they gradually atrophy, and ultimately aU 
manifestations of their vitality cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
upon the interference with assimilation by the structural 
changes in the stomach and intestines, which accom- 
pany it, and partly from the increased tissue-change. 
In senile atrophy, again, in addition to the general dimi- 
nution of nutritive activity, there is frequently some 
condition of the digestive organs intei*fering with assimi- 
lation, which materially aids in producing the ultimate 
result. The atrophy which accompanies the acute febrile 
diseases is by no means a simple process, increased tissue- 
change, loss of appetite, and interference with assimilation 
being all essential parts of it. 

Pa/rtial Atrophy may be caused by : — 

1. Imperfect supply of Blood. — The effect of interfering 
with the supply of blood to a part will depend upon the 
extent of the interference ; if it is entirely cut off the part 
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will dio (See " Gangrene"), if merely diminished it will 
atrophy. 

Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
The nutrient vessels may be obstructed by pressure exer- 
cised upon them, within or without the organ to which 
they are distributed. In cirrhosis of the liver, the in- 
creased growth of inter-lobular tissue by its pressure 
upon the capillaries causes atrophy of the secreting struc- 
tures. In other cases the supply of blood is diminished 
by interference with the circulation at some distance 
from the part ; as by the pressure of a tumour upon the 
artery leading to it. The atrophy of the proximal end of 
the shaft of a bone, after fracture above the point of 
entrance of its nutrient artery, is due to the same cause. 

The atrophy which results from pressure exercised 
directly upon the part itself, is probably also partly 
owing to the consequent interference with its supply of 
blood. Atrophy of the sternum from the pressure of an 
aneurism, atrophy of the kidney from the pre^^sure of 
retained secretion — as in enlarged prostate, <&c., and 
atrophy of the skull in chronic hydrocephalus, are well- 
known examples of these atrophies from pressure. 

Mechanical congestion in the same way is not an un- 
common cause of atrophy ; the circulation is impeded, the 
blood is not returned normally by the veins, hence there 
is deficient arterial supply and atrophy results. 

2. DinUnished Functional Activity. — This is the most 
common cause of atrophy, many examples of which are 
furnished both by physiological and pathological pro- 
cesses. After birth those parts which are no longer re- 
quired to serve any purpose in the economy gradually 
atrophy and waste : the ductus arteriosus, the umbilical 
arteries and vein, the Wolffian bodies, and later — the 
thymus gland, all in this manner disappear. The invo- 
lution of the uterus after delivery, the wasting of the 
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spleen and lymphatic glands in advanced life, and of the 
lower jaw after the loss of the teeth, are other physio- 
logical examples of atrophy from this canse. 

Muscles which from any canse have long remained 
inactive, atrophy. This is seen in the various forms of 
paralysis, especially in the so-called " essential paralysis" 
of children; also in limbs which have become incapaci- 
tated either on account of anchvlosis, or of chronic dis- 
eases of the bones or joints. 

After the establishment of an artificial anus, the lower 
part of the intestine atrophies, and becomes converted 
into a fibro-cellular cord. 

Bones in the same manner atrophy for want of use. 
After the amputation of a limb, the cut end of the bone 
atrophies ; and atrophy of the orbit follows extirpation 
of the eyeball. 

Interference with the function of nerves is also followed 
by their atrophy : this is seen in the atrophy of the optic 
nerve, in some cases of blindness. 

3. Increased Functional Activity. — This may occasion- 
ally be a cause of atrophy ^ much more commonly, how- 
ever, it is a cause of hypertrophy. Some glands atrophy 
from excessive use, especially the testicle. The brain may 
also atrophy from over- work. 

4. Inflornimation. — This is a common cause of atrophy ; 
the vitality of the tissue becomes impaired by the inflam- 
matory process, and it consequently atrophies, degene- 
rates, or dies. This will be considered when treating of 
" Inflammation." 

6. The Action of Special Substances, — Certain sub- 
stances administered internally appear to be capable of 
producing atrophy : iodine, bromine, mercury, lead, and 
the alkalies, maybe enumerated amongst the most impor- 
tant of these. Iodine and mercury exercise an influence 
upon the lymphatic system, and bromine upon the organs 
of generation. 
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6. Nervous Injhience, — Bespecting the influence of the 
nervons system as a direct cause of atrophy, little is 
certainly known. That atrophy is a frequent sequence 
of changes in the nervous centres, there can be no doubt ; 
but it is probably in most cases to be attributed to an 
indvrect influence. The atrophy of muscles, for example, 
which have become paralyzed from lesions in the brain or 
spinal cord, is rather the result of the consequent in- 
terference with their function, than of any direct influence 
upon their nutrition. In some cases also, changes in the 
nervous system may cause atrophy by aflecting the size 
of the blood-vessels, and so interfering with the supply 
of blood. As, however, nutrition appears to be more or 
less under the influence of the nervous system, it is pro- 
bable that nervous influence is sometimes a direct cause 
of atrophy. 

Physical Ghabactebs. — The estimation of atrophy is 
often a matter of considerable difficulty : the great crite- 
rion is, diminution in absolute weight. The weight of an 
organ, however, varies considerably in health : it varies 
with the weight of the body as a whole, and it may be 
less than natural from incomplete development. The 
same is true also of the muscular and osseous systems. 
An accumulation of blood and serosity in an organ may 
again increase its weight, and thus constitute a source of 
fallacy : this is often the case in organs which have been 
for some time mechanically congested, in which, although 
their size and weight may be increased, their tissue is 
considerably diminished in amount. 

Organs which are atrophied are diminished not only in 
weight, but usually also in size. In most cases they con- 
tain less blood, they are dryer, firmer, and more fibrous 
in consistence than in health. Their functional powers 
are invariably diminished. 

The whole of the textures of which an organ is com- 
posed may suffer; some, however, do so more than others. 
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The fibrous constitnents, instead of diminisliiiig, may 
rather increase in amount. This is especially the case 
in senile atrophy: hence the firmness, toughness, and 
loss of elasticity so commonly met with in the atro- 
phied parts. In glandular organs, the secreting cells 
are usually the first to show signs of atrophy : they 
become smaller, and are often finely granular, from the 
presence of molecular fat: the vessels and nerves also 
share in the wasting process. In the subcutaneous 
cellular tissue, the fat is gradually removed from the 
cells, adipose tissue becoming common connective tissue. 
In muscles, the primitive fasciculi become smaller, and 
their transverse striae gradually disappear ; ultimately 
the whole of the contents of the sarcolemma may be 
entirely removed, and nothing remain but fibrous tissue : 
this process is usually accompanied by more or less fatty 
degeneration. 

Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. The 
compact and cancellous tissue may gradually become ab- 
sorbed, and the medullary canal diminish in size, the 
whole bone thus becoming smaller ; this has been called 
concentric atrophy, and is met with especially in the long 
bones, in cases of long-standing anchylosis, dislocations, 
or paralysis. In other cases there is no diminution in the 
size of the bone, but merely a gradual conversion of com- 
pact into cancellous tissue : this, in contradistinction to 
the former variety, has been caUed eccentric atroph>y, and 
is usually met with as a senile change. 

Degeneration. 

The " Degenerations" include a class of morbid pro- 
cesses which are characterized by an alteration in the 
quality of the tissues, and which, like atrophy, are at- 
tended by impairment of function, and often by annihila- 
tion of histological elements. 



DEGENERATION. 29 

The alteration in the quality of the tisane results either 
from its direct metamorphosis into a new material, or 
from its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneration thus so far resemble one an- 
other, that in both processes nutrition is impaired and 
function interfered with. In atrophy, however, nutri- 
tion is simply altered in qucmtity, the waste of the tissue 
is in excess of the assimilation of new material, and, con- 
sequently, there is a diminution in the amount of the 
tissue, and an impairment of its functional powers. In 
degeneration, on the other hand, nutrition is altered 
in quality y a new substance exists in the tissues, which 
either originates in the tissue itself, or infiltrates it 
from without: this is attended by impairment of the 
vitality and functions of the elements of which the tissue 
is composed, resulting either fropi the presence of the 
new material, or dependent upon the same conditions as 
those which give rise to its formation. 

Causes. — Of the causes of the Degenerations as a class, 
but little can be said, the various forms depeiiding for the 
most part upon different conditions. These will be described 
under their respective heads. Fatty and calcareous de- 
generation have, however, many points in common, and 
they are both intimately connected with the atrophic 
changes ; atrophy, fatty, and calcareous degeneration ai*e 
indeed frequently difiEerent stages of the same process, and 
the causes of these two forms of degeneration will thus be 
seen to be very similar to those already enumerated as 
causes of atrophy. 

The Degenerations maybe divided into two classes — the 
Metcmwrphoses and the Infiltrations, 

1. The Metamobfhoses. — ^These are characterized by 
the direct metamorphosis of the albuminoid constituents 
of the tissues into a new material. This is usually fol- 
lowed by the destruction of the histological elements and 
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the softening? of the intercellnlar substance, so that xQti- 
mately all trace of structure may be lost, and function be 
completely arrested. The Metamorphoses include Fatty, 
Mucoid, and Colloid Degeneration. 

2. The Inpiltbatigns. — These differ from the Metamor- 
phoses inasmuch as the new material which exists in the 
tissues is not derived from their albuminoid constituents, 
but is deposited in them from the blood : there is an infil- 
tration and deposition of a new substance. This is rarely 
followed by destruction of the histological elements, or 
by softening of the intercellular substance; hence the 
anatomical characters of the tissue are much less altered 
than in the Metamorphoses, and function is much less 
interfered with. The Infiltrations include Fatty, Amy- 
loid, Calcareous, and Pigmentary Infiltration. 



CHAPTER IV. 

THE METAMORPHOSES. 

FATTY DEGENEBATION. 

Tms is the most important of the degenerative processes, 
not only on account of its extreme frequency, but also from 
the deleterious effect it produces in those tissues which 
are affected by it. 

The process consists in the transformation of the albu- 
minoid constituents of the tissues into fat, the cells being 
the parts which are most frequently affected. This fat makes 
its appearance as minute granules and molecules within 
the cells, usually first in the cell-contents, and subsequently 
in the ijucleus. The granules, — ^which are characterized by 
their dark colour, sharp contour, strong refractive power, 
and solubility in ether — gradually increase in number, until 
perhaps they completely fill the cell. As they increase many 
of them may coalesce, and soform distinct drops of fat: this, 
however, is not common, the fat usually remaining to the 
last in a granular form. As the process proceeds the cells 
often undergo an increase in size, and become more glo- 
bular in shape, the nucleus is completely destroyed, as is 
also the cell- wall when this exists, and ultimately the cell 
is transformed into a mass of granular fat (Fig. 3). 

These granules of fat may remain in a coherent form for 
some time after the cell-wall and nucleus are destroyed ; 
they then constitute the so-called ''inflammatory" or 
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" exudation corpuscles," or " corpuscles of Gluge,'* which, 
are so common in chronic cerebral softening, and in other 




Fhtty degeneration of epithelium, a. Cells 
containing molecules of fat. b. Granular 
corpuscles ; in one nucleus is still visible, 
c. Disintegration of corpuscles. (Hindfleisch.) 

forms of fatty degeneration (Fig. 3-h), Ultimately the 
corpuscles break up, the albuminous matter between the 
granules of fat liquefies, and the fat becomes distributed 
in the tissue (Fig. 3 c). 

Types of this pathological condition are famished by 
many well-known physiological ones, one of the most 
characteristic of which is perhaps the secretion of milk. 
The mammary gland is a large racemose gland, consisting 
of innumerable groups of lobules lined with epithelial cells. 
The secretion of milk takes place in the following man- 
ner : — ^The cells lining the lobules of the gland multiply 
abundantly, and the new cells as they are produced 
gradually become converted into fat ; the cell breaks up, 
and the fatty matters in a more or less coherent form con- 
stitute the milk-corpuscles. At the commencement of the 
process they cohere and form colostrum-corpuscles. The 
milk-corpuscles thus formed are pushed forwards in the 
ducts of the gland by the continuous formation of new 
cells from below, which in their turn undergo fatty dege- 
neration, and in this manner a continuous formation and 
destruction of cells takes place. 

Other examples are afforded by the formation of the 
sebaceous matter of the skin, the cerumen of the ears, and 
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tlie corpus lutenm in the ovary ; all of which take place 
in the same way by the fatty degeneratioii and destmc- 
tion of recently-formed cells. 

The immediate eflfect of fatty degeneration is to produce 
more or less softening of the affected part, the cellular 
elements are completely destroyed, the intercellular sub- 
stance also undergoes fatty changes, and thus all trace of 
the original structure may be ultimately lost. This 
destruction of the cells is the essential feature of the 
change, and distinguishes it from fatty infiltration, in 
which the cells within which the fat accumulates remain 
intact (see ** Fatty Infiltration"). 

If large tracts of tissue ate affected, the change is 
readily recognisable by the naked eye, by the diminution 
in consistence and elasticity which are produced, and in 
many cases also by the opaque yellowish- white colour. If 
however, the change is limited to minute and isolated por- 
tions of the tissue, its existence can only be discovered 
with the aid of the microscope. 

Caseation. — ^In many cases the process of fatty dege- 
neration is modified, and the partially degenerated tissue 
gradually drys up into a yellow substance of the consist 
tence of cheese. This appears to be owing to a natural 
dryness of the tissue : it is most frequent in parts which 
contain but few vessels, or in those in which these become 
obliterated by some new growth. It is in growths com- 
posed of closely-crowded cells — as tubercle, epithelial 
accumulations within the pulmonary lobules, growths in 
the lymphatic glands, and in the osseous structures — that 
caseation is most frequently met with. 

The process consists in a gradual drying up of the 
degenerated elements : the fluids are absorbed, the cells — 
which are many of them incompletely degenerated — 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue is thus converted 
into a soft, yellowish-white, cheesy substance, composed 
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of atrophied cells, fatty d^ris, and cholesterine crystals. 
This material may gradually dry up more and more, and 
ultimately become encapsuled by a layer of fibrous 
tissue, afber wbicb it remains inert in the midst of the 
surrounding structures. 

These cheesy masses are constantly met with, especially 
in the lungs, and considerable confusion has arisen as to 
their nature and origin in this situation. This has pro- 
ceeded from its having been formerly the custom to look 
upon all cheesy masses as essentially tubercular. Tu- 
bercle, it is true, invariably undergoes, to a gi'eater or 
less extent, fatty degeneration ; and it may thus, like all 
other structures which have undergone this process, 
become converted into a yellow cheesy substance ; but it 
is by no means true that all cheesy masses are tuber- 
cular. Thus the pathological significance of these cheesy 
masses is much less limited than was formerly supposed ; 
and is indeed almost coextensive with that of fatty dege- 
neration itself. In whatever situation they are met with, 
they indicate merely that the histological elements have 
undergone this fatty metamorphosis, and under no cir- 
cumstances are they in themselves evidence of any one 
particular form of morbid growth. 

The caseous mass may subsequently become calcified, 
or undergo a process of softening and liquefaction. 
. Galciticatign. — This is an advanced stage of the pre- 
ceding process. It most frequently occurs in those cases 
in which the caseous mass is completely enclosed and iso- 
lated from the external air, as when in the lymphatic 
glands, in bone, or when encapsuled in the lungs. The 
mass becomes infiltrated with calcareous particles, and is 
thus converted into a calcareous concretion (see " Calca- 
reous Degeneration"). 

Softening.— -This process consists in a liquefaction of 
the caseous substance, which is probably owing to some 
chemical change in its constituents. It commonly occurs 
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in parts which come into contact with the external air, 
especially in those situated in the intestine, and in the 
bronchial mucous membrane, and pulmonary lobules (see 
" Tubercle" and " Catarrhal Pneumonia"). The caseous 
mass liquefies, and is converted into a thin puriform fluid, 
containing curd-like cheesy matter, which to the naked 
eye looks much like pus, but under the microscope is seen 
to consist simply of granular debris, fat, and cholesterine 
crystals. This, if not discharged, may, like the caseous 
masses, ultimately dry up and become calcified. 

Catjses. — All those conditions which tend to interfere 
with nutrition, and have been already enumerated as 
causes of atrophy, predispose to this fatty change. It 
may indeed be looked upon as an advanced stage of the 
atrophic process. 

Diminished supply of blood is a common cause of fatty 
degeneration. This is seen in chronic cerebral softening, 
which is intimately connected with the interference with 
the circulation, consequent upon disease of the cerebral 
blood-vessels. In the heart, again, this form of degene- 
ration is not an infrequent concomitant of disease of the 
coronary arteries. The circulation may also be interfered 
with by pressure from without, as by the growth of adi- 
pose tissue between the fasciculi of muscle, in which case 
the muscle undergoes fatty degeneration. The degenera- 
tion of the hepatic cells in cirrhosis of the liver is due to 
the same cause. Infiammation, again, is a most potent 
cause of this degeneration. The vitality of the part is 
diminished by the infianunatory process, and it is ulti- 
mately destroyed by the fatty change. This, indeed, is 
the most common termination of infiammation, and is 
exemplified by its effect on nearly every organ and tissue. 
The vitality of a part may become exhausted by its rapid 
growth, and fatty degeneration thus be induced. This 
explains the degeneration and softening so liable to occur 
in all rapidly growing new formations, the softening 

d2 
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of the central portions of cancer, sarcoma, &c., being 
yery familiar examples. Lastly, the vitality may be im« 
paired, as the result of old age, and fatty degeneration 
consequently ensue. 

It will thus be seen that fatty degeneration is a com- 
mon termination of many morbid processes which tend to 
lower the vitality of the parts aflfeoted by them ; and that 
this impairment of vitality is the invariable antecedent of 
the fatty change, — the change itself merely indicating 
that, from some cause or other, the vitality has been 
diminished. The pathological significance of fatty dege- 
neration thus becomes in many cases a question of con* 
siderable difficulty, it being often impossible, from an 
examination of the degenerated parts alone, to decide 
upon the nature of the antecedent condition. In many 
cases of fatty degeneration of the kidney, for example, 
in which the cells lining the tubuli uriniferi are destroyed, 
and the tubes themselves are filled with the fatty debris, 
it is often impossible to say, from an examination of the 
tubes alone, whether the fatty change is secondary or 
not to an infiammatory process. It is only when an in- 
vestigation of the first stages of the process is practicable 
that the discovery of its real nature becomes possible. 

With regard to the source of the fat, it is as already 
stated, derived directly from the tissue itself, and is not 
infiltrated from without. The exact nature of the change 
appears at present to be somewhat uncei'tain. It is most 
probable, however, that it is simply a liberation of the 
fat which is naturally combined with the albuminoid con- 
stituents of the tissues, and not a direct conversion of 
nitrogenous into fatty matter. Whether this be so or 
no, the formation of the fat is undoubtedly the result of 
impaired nutrition, and as Dr. Quain has shown, it may 
take place in tissues after death, from the spontaneous 
decomposition of their nitrogenous constituents. 
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Fatty degeneration of arterieB may be a primary or 
secondary affection. As a secondarf process it is met 
with in Atheroma, in whioli the fatty change is pre- 
ceded by mnltiplication of the cells of the sub'epitheli^ 
connective tisane (see "Atheroma"). 

Primary fatty degeneration is a paBsive process, not 
being preceded by any increased nutritiTe activity of the 
parts affected by it It may affect both the internal and 
middle coats of the artery, bnt it is most common in the 
former situation. The nanal seat of the change ia the 
epithelial and connective tiasne cella of the internal coot, 
small isolated groaps of cells becoming affected in varions 
pnrta of the vessel. 

In the earlier stages of the process, when the cells are 
filled irith fat, the condition ia reoogniaed by the eiiatence 
of small irregular- shaped patches of an opaqae yellowiah- 
white colonr, projecting very slightly above the anrface 
of the intima,. (Fig. 4.) These may at first be mistaken 
Fia 4. 




for Atheroma; they are in moat casea, however, readily 
distinguishable by their superficiality, and by the facility 
with which th^ can be stripped off from the sabjacent 
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layers, which present a natural appearance. In Atheroma 
on the other hand — which affects the deeper structures, — 
if the superficial layer be removed, the opacity and thicken- 
ing are seen to exist beneath it. In many cases the 
change is limited entirely to the epithelial lining of the 
vessel ; the more the subjacent connective tissue-ceUs are 
involved, the greater is the irregularity in the shape of 
the patches, and the less readily can they be separated 
with the forceps. The opaque patches ultimately break 
down, the cells are destroyed, the intercellular substance 
softens, and the granular debris is carried away by the 
circulation, leaving small, irregular, superficial erosions 
upon the lining membrane of the vessel. These erosions 
are not ulcers in the true sense of that term, not being 
the result of an active process : they resemble the super- 
ficial erosions so common upon the mucous membrane 
of the stomach, as described by Dr. Wilson Fox. 

Fatty degeneration may also affect the muscular fibres 
of the middle coat, and hence become an important ele- 
ment in the production of dilatation, aneurism, and rup* 
ture of the vessel. 

Simple fatty degeneration may occur in any of the 
arteries, but it is in the smaller ones that its in- 
jurious influence is most marked. Here, by diminishing 
the elasticity and contractility of the vessels, it causes 
degenerative changes in the parts which they supply: 
this is exemplified by many cases of chronic cerebral 
softening, and fatty degeneration of the heart, both of 
which are frequently due to this disease of the nutrient 
vessels. In the larger arteries, as the aorta — where 
it is exceedingly common — it is of less importance, the 
inflammatory process. Atheroma, having here a far more 
deleterious effect. 

The capillaries may also be the seat of this fatty 
change ; the epithelial cells being destroyed in the pro- 
cess, and the walls so much damaged, that rupture is 



FATTY DEGENERATION. 89 

often the Tiltimate result. This is especiall j oommon in 
the smallest cerebral blood-yessels, where it is the most 
frequent cause of cerebral hnmorrhage. 

Passiye fatty degeneration of arteries is essentially a 
senile change ; it is an expression of that general impair- 
ment of vitality which exists in adyanced life, and is 
usually associated with similar changes in other parts. 

♦ 

FATTY DEOfiNEBATION OF THE BRAIN. 

Fatty degeneration of the brain is met with in all 
those morbid conditions comprised under the common 
term of " Cerebral Softenings." Whatever impairs the 
vitality of the cerebral substance will tend to produce 
fatty degeneration, and hence, softening. The portions of 
the brain which are the seat of this change may be 
merely rather softer than the surrounding healthy tissue 
— ^breaking down more readily under a stream of water 
which is allowed to fall upon them — or they may be com^ 
pletely diffluent. They are never distinctly circum* 
scribed, but pass by insensible gradations into the neigh- 
bouring tissue. 

Under the microscope the change is seen to consist in 
a disintegration of the nerve- tissue. The medullary sub- 
stance of the fibres first breaks up into large masses, and 
these subsequently undergo fatty metamorphosis. The 
tissue is thus converted into broken-down fibres, a large 
amount of molecular fat, and numerous large granule- 
corpuscles, the so-called "exudation corpuscles" or 
"compound inflammatory globules of Gluge." These 
corpuscles were formerly looked upon in all cases as the 
result of inflammation, hence their name ; they are, how- 
ever, simply conglomerations of fat granules formed by 
the degeneration of the cellular elements. The cells from 
which they originate are, according to Yirchow and 
Aobin, the cells of the Neuroglia — the connective tissue 
of the brain : — these cells share in the fatty change, and 
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in doing so, appear to undergo considerable enlargement 
before they are destroyed and the fatty matter breaks 
up. In some cases they may be seen with a cell-wall 
stiU existing, and even the nncleus is occasionally visible. 
They vary in size from -g^ to ^^ inch in diameter, the 
average being -n^. When the softening affects the 
grey matter the nerve-cells also contain molecular fat. 
The small arteries and capillaries running through the 
softened part are many of them filled with fat granules 
and granular cells : these latter probably originate in the 
white blood corpuscles which have accumulated in the 
part and undergone fatty changes. 

Molecular fat and the large gi*anular corpuscles will 
also be seen adhering to the external surface of the 
vessels; aud here care is required to distinguish these 
from fatty degeneration of the vessels themselves, — to 
which the cerebral softening is so frequently due. As 
the process proceeds the cerebral substance is completely 
destroyed and all trace of nerve-structure is ultimately 
lost. 

The colour of the softened portion varies considerably. 
It may resemble that of the surrounding healthy tissue ; 
in other cases it is altered to a yellowish or deep red tint. 
According to these variations in colour. Cerebral Soften- 
ings have been classified into white, yellow, andred. The 
colour depends in great measure upon the vascularity of 
the part, and on this account is important, as indicating 
the manner in which the softening has been brought 
about. 

Whdte Sqftenmg, '^Thia is, in the great majority of cases, 
a chronic condition, dependent upon disease of the capil- 
laries and small arteries, which interferes with the circu- 
lation, and thus impairs the vitality of the part. There 
is no hypersBmia, and the colour either resembles that 
of healthy brain-tissue, or is an opaque dirty white. 
White softening is sometimes acute, in which case it is 
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due to sndden obstraction of the circulation by the im- 
paction of an embolon, or by coagulation of the blood in 
one of the larger arteries, 

TeUow Softening. — This Js simply a variety of the for- 
mer process, in which, from the fine state of division and 
close aggregation of the fatty particles, a dead yellowish- 
white colonr is imparted to the softened tissue. This 
colour is probably in some cases, also partly owing to 
the presence of altered blood pigments, the result of 
some previous slight extravasation. The pigment may 
sometimes be seen as fine dark granules, scattered 
through the cells of the Neuroglia, and the nerve-cells 
of the grey matter, where at first sight they look like 
fatty particles ; they are distinguished, however, by their 
dark black colour. 

Med Softening, — This is commonly an acute affection, 
most frequently dependent upon vascular obstruction, 
either from embolism or thrombus. There is intense 
hyperemia, rupture of capiUaries, and extravasation of 
blood ; the softened tissue is consequently of a deep red 
colour : this will be described in the chapter on " Embo- 
lism." Bed softening is also sometimes associated with 
the chronic white variety, some of the diseased vessels 
giving way, and thus extravasation of blood taking place 
into the already softened tissue. Lastly, red softening 
may be inflammatory (see ** Inflammation of Brain"). 

FATTY DEOENEBATION OF MUSCLE. 

Both striated and non-striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular cells 
which constitute the involuntary muscular fibres, are the 
seat of the change ; they become filled with fat granules 
and are ultimately destroyed. This condition is frequently 
met with in the middle coat of arteries which are under- 
going fatty degeneration. 

In striated muscle — ^both in the voluntary and in the 
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inyoliintaTy of the heart — ^the fibres themselves are the 
seat of the morbid process, which consists in the conver* 
sion of the albuminoid matter of which the fibre is com« 
posed into fat. The earliest sti^ of the affection is charac- 
terized by an indistinctness in the transverse markings of 
the fibres, which in many parts become stndded with minnte 

particles of fat. (Fig. 5.) These gradn- 
■^^®- °' ally increase in nnmber and size, and 

are usually distributed somewhat irregu- 
larly within the sarcolemma. In some 
parts single rows of granules are found 
running along the length of the fibre ; in 
others, they are arranged in transverse 
„ _ lines corresponding with the strisB of the 

Fatty DegeneratUm ^ , J^. „,° , , . 

qf Muscular Ftbres niuscle. The fibres become extremely 

of Heart, a. Earlier friable, and are readily broken up into 
stage. 6. more ad- , , «_ x a ai. j 

vanoed. x 400. short fragments. As the process proceeds 

the transverse markings entirely disap- 
pear, and nothing but molecular fat and oil globules are 
seen within the sarcolemma. The sarcolemma itself may 
ultimately be destroyed, and nothing remain of the 
original fibre but the fatty debris into which its albumi- . 
noid constituents have been converted. 

This is true fatty degeneration of muscle, in which the 
muscular elements are destroyed, and it thus differs 
essentially from fatty mfiUration, in which there is simply 
a development of fat between the fasciculi, the fasciculi 
themselves not being affected (see " Fatty Infiltration"). 

The HeaH. — It is in the heart that this condition is most 
frequently met with, and here it assumes a most import 
tant aspect from the deleterious influence which it exer- 
cises upon the motor power of the organ. The mus- 
cular substance may be affected throughout, or, as is 
more frequently the case, the degeneration may be con- 
fined to certain portions of it. It is more common in 
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some situations than in others ; the order of fireqnencj 
with which it occurs in different parts is, according to 
Dr. Quain, firstly, the left ventricle ; secondly, the right 
ventricle; thirdly, the right auricle; and fourthly, the 
left auricle. 

The wider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. 
It is in those cases in which small tracts of tissue 
are involved, that the process is met with in its most 
advanced stage. 

The consistence of the degenerated part is always 
diminished, and its colour altered. When the change is 
slight, and more or less general, the muscle is somewhat 
softer, and more flabby than natural ; it is more friable, 
and often breaks with a soft granular fracture. The 
colour is uniformly rather paler, and more opaque than 
that of healthy cardiac tissue. Under the microscope, 
the muscular fibres are seen to have lost their striated 
appearance, and to contain minute granules of fat ; there 
are, however, no large molecules or oil globules, and the 
sarcolemma is not destroyed. 

More frequent than this uniform and slight degree of 
degeneration affecting the whole or the greater part of 
the organ, is a condition in which, although the change 
may be more or less general, it is much more advanced in 
some parts than in others. In such cases the heart pre- 
sents a mottled appearance; numerous opaque, pale 
yellowish or brownish patches are seen irregularly distri- 
buted throughout its substance. These patches vary 
considerably in size and form ; they are met with espe- 
cially in the papillary muscles, the columnss camesB, and 
in the layers of fibres immediately beneath the endocar- 
dium : they may also occur beneath the pericardium, and 
in the deeper portions of the organ. They correspond 
with the most degenerated portions of the tissue. They 



44 NUTRITION IMPAIRED. 

are soft and flabby, and have a rotten consistence, tear- 
ing readily nnder the finger. Under the microscope, the 
fibres are seen to be in the most advanced stage of fatty 
degeneration ; their sarcolemma is filled with large mole* 
cnles of fat and oil globnles, which in many parts have 
escaped, and lie free amongst the snrronnding less dege- 
nerated tissue. 



CHAPTER V. 

MUCOID AND COLLOID DEGENERATION. 

TJndeb this liead is included a class of morbid changes 
which are characterized by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of " colloid soften* 
ings," but — although they are very closely allied and fre- 
quently associated — ^they appear to constitute two dis- 
tinct processes ; the former affecting especially the cells, 
the latter the intercellular substance. 

Mucoid Degeneration. — ^This consists in a liquefaction 
of the tissues and an alteration in their chemical composi- 
tion, owing to which they yield mucm, and become con- 
verted into a material of a soft mucilaginous jelly-like 
consistence. This is the condition of nearly all tissues in 
their immature or foetal state : the connective tissues in 
the foetus consist almost entirely of this soft mudn- 
yielding substance. Some tissues retain these characters 
after birth. The umbilical cord, and the vitreous humour 
of the eye, are both composed of this substance. 

The change affects especially the intercellular substance, 
much less frequently the cellular elements. The inter- 
cellular substance of the connective tissues in their folly 
developed state consists of gelatin and chondrin^ and 
the mucoid change is thus a reversion of this substance 
to its foetal condition. As to the manner in which this 
takes place, nothing is known ; it does not appear to be 
associated with any known general state, or with any 
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previous change in the tissnes in which it occnrs. It 
probably depends upon some alteration in the vital per- 
formances of the cells, upon which the intercellular sub- 
stance depends for its existence. 

Mucin is closely allied to albumen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphur. Like albumen, it is only met with in 
alkaline fluids — being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. It 
differs from albumen in being soluble in an excess of the 
acid, and also in not being precipitated by boiling, by 
tannin, or by bi-chloride of mercury : its behaviour with 
these two reagents will also distinguish it from gelatin 
and chondrin, which are both precipitated by them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people; also 
in serous membranes, in the connective tissue of the 
choroid plexus and lateral ventricles, in bone, and in 
many of the new formations. Wherever it occurs it pro- 
duces softening of the affected parts ; which are trans- 
formed into a homogeneous, colourless material, of a soft 
mucilaginous jelly-like consistence. If the change is 
limited to isolated portions of the tissue, the softened 
parts surrounded by those which are unaltered, present 
the appearance of cysts. These cyst-like formations 
containing mucoid substance are not uncommonly met 
with in the costal cartilages, the choroid plexus, and in 
new growths. 

The cells themselves appear in the majority of cases 
not to undergo the mucoid change ; although in catarrhal 
conditions of mucous membranes the increased secretion 
of mucus is probably to be ascribed to a mucoid degene- 
ration of the newly-formed elements (see " Inflammation 
of Mucous Membranes"). The cells may also be the seat 
of fatty -degeneration. 
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Fig. 6. 




CoixoiD Degeneration. — This differs from the former, 
inasmuch as it is the cells which are especiallj involved 
in the process. 

The change consists in the metamorphosis of the albn- 
minoid constituents of the cells into a sabstance known as 
colloid material. Colloid closely resem- 
bles mncons substance, but it differs 
from it chemically, in containing §ul- 
phur, and in not being precipitated 
by acetic acid. It is a colourless, 
transparent, glistening material of the 
consistence of jelly or half-set glue. It 
makes its appearance within the cells, 
as small lumps, which gradually in- 
crease in size, pushing the nucleus to 
one side, until they completely fill the 
cell (Fig. 6). The cells are thus de- 
stroyed, and converted into colloid 
masses. The small colloid masses sub- 
sequently coalesce, and so form larger 
masses of firm, transparent, jelly-like material, which are 
readily recognised by the naked eye. 

As the colloid matter increases and the cells are de- 
stroyed, the intercellular substance atrophies or softens, 
and in this way cyst-like cavities are formed within which 
is contained the gelatinous substance. Here it may sub- 
sequently undergo a process of liquefaction (Pig. 7). 

The colloid change is most common in enlargements of 
the thyroid gland, in the lymphatic glands, and especially 
in many of the new formations (see " Colloid Cancer"). Its 
causes and nature are as obscure as those of the allied 
mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Many varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
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Such growths have freqne&Uy been described as gek- 
tinitbnn or colloid coMcere, this term having been applied 
to tbem without onj regard to their stinctnre or real 
nature. Cancers it is true maj either originate as mncoid 
or odloid growths, or may become 80 after their develop- 
ment is completed (see " Colloid Cancer ") \ but it is by no 
means true that aJl tomoars possessing these soft gelati- 
niform characters are cancers. The terms " mucoid " or 
" colloid " applied to a new growth, merely imply certain 
physical and chemical characters, and convey no informa- 
tion as to its real nature. 



CHAPTER VI. 



THE INFILTRATIONS. 



FATTY IMPILTBATION. 



Fig. 8, 



Fatty Inpilteation — ^which is often described as " fatty 
degeneration" — consists in the infiltration of the tissues 
with fat, which is deposited in them from the blood. The 
fat is deposited within the cells, where it occurs as 
distinct drops ; these may gradually accumulate and run 
together, displacing and obscuring 
the nucleus and protoplasm, until 
the cell is completely filled and dis- 
tended with oil. (Fig. 8.) The 
vitality and functions of the cells 
are but little impaired by the accu- 
mulation, and the protoplasm — 
although rendered almost invisible 
when this is excessive — remains 
unaltered. This process therefore 
differs essentially from fatty de- u^oer Cells in various 
generation, in which the fat is «*«vm <if^/S*^ .i**?^*:"" 
derived from a metamorphosis of ^ 
the protoplasm itself, occurs in a granular form, and in 
which the cells themselves ultimately perish. In fatty infil* 
tration the cells within which the fat accumulates not 
being destroyed, the removal of the fat is all that is 
necessary to restore them to their original condition. 
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The increase of fat in the blood which leads to its 
deposition in the tissnes, is in many cases the result of 
excessive snpply of nutriment, or to this combined with 
diminished waste. Such conditions obtain in people who 
live freely and take but httle exercise. There appears 
to be in some a special predisposition to become fat. 
In other cases, the excess of fat in the blood is owing to 
its absorption from some particular tissue, subsequently to 
which it becomes deposited in another . — ^this is seen in 
the fatty infiltration of the liver, which is associated with 
the general emaciation of pulmonary phthisis and other 
similar conditions. (See " Fatty Liver.") Why the de- 
position should take place in certain tissues, and the fat 
be removed from some and deposited in others, is not 
known. 

Fatty infiltration occurs as a physiological process in 
the growth of adipose tissue. Adipose tissue bears a 
close resemblance to common connective tissue ; it is con- 
nective tissue, containing numerous cells which are dis- 
tended with fat. The growth of adipose tissue thus con- 
sists simply in the infiltration of more of these cells with 
fat. If this is excessive it constitutes obesity. (Fig. 9.) 
The temporary accumulation of fat in the intestinal villi 
and liver during the digestion of an aliment rich in fatty 
substances, is another example of physiological infiltration. 
This will be described when speaking of the " fatty liver." 

FATTY INPrLTBATION OP MUSCLE. 

In muscle, fatty infiltration is frequently met with as a 
morbid process. The cells in the connective tissue which 
surrounds the fasciculi of the muscle become filled with 
fat \ and this development of fat between the primitive 
muscular fasciculi has often been included under the 
common term of "fatty degeneration*' of muscle. The 
process, however, differs essentially from true degenerationt 
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in which the &t 011)^''^^^ tailhtn the fasncnh and the 
&soicalns itself nltimatelj penshea, whereun 111 the condi- 




(lUudilauich). 



tion now under consideration, there is a deposition of fat 
between the faacicuh, which remain — daring the early stago 
at all events — unaffected. The interstitial fat varies in 
amount In some oases single rows of fat cells alternate 
with rows of mnscnlar fasciculi, at other times the accn- 
mnlationis leas regular, more existing between some fihres 
than between others : in all cases, however, the mnaou- 
lar elements njay be discovered Ijing amongst the fat. 
(Fig. 10.) If the latter is very considerable in amount, 
the mnscle may appear to the naked eye to be entirely 
converted into fat; bnt the microscojw wiD always reveal 
the muscular structure in which it is embedded. 

This condition is frequently met with in animals which 
have been fattened, the fat not only increasing in the 
usual situations, but also accumulating between the 
fasciculi of the muscles. In muBcles aUo which from any 
cause have for some time been incapacitatedl, this inter- 
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stitial growth is e 
ezteusora of the it 



aitremelj' liable to occur ; ex, gr. in the 
ist-joiut in cases of lead-poisoning, and 
in long-standing paraljsee from 
leaions in the brain or cord, also 
in muscles which have been ren- 
dered useless by anchjlosis of 
a joint. In progressive mus- 
cular atrophj, as Tirchow has 
shown, the affected mnsclea ex- 
hibit this change, together with 
true fatt; degeneration. 

In the heart, fatty infiltration 
is not unfrequently met with ; 
and here it is especially impor- 
tant to distinguish it from the 
mnoh more common condition in 
which the fibres themselves are 
primarily affected. In health 
there is a varying amount 
of fat coTeriug the surface 
ett. a, Atrophied ronecnlar 01 the lieart, beneath the vis- 
fibr6B. 4JnterBfitialf»l-(Mlls. ceral layer of the pericardium, 
which IH always most abundant 
in the grooves between the auricles and ventricles, where 
it surrounds the blood-ressela. This may increase 
so as to completely envelope the organ,- and at 
the same time gradually insinuate itself between the 
muscular fibres, so that to the naked eye all appearance 
of muscular structure may be lost, the walls looking like a 
mass of fat. In hearts less affected, stride of fat will be 
seen lying amongst the muede. The fat is always moat 
abundant near the surface, the muscnlar structure be- 
coming more evident towards the endocardium. 

The immediate effect of the interstitial growth is to dis- 
place and compress the muscular fibres between which it 
insinuates itself, and in doing so it diminishes the con- 
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tractile power of the muscle : this is especially the case 
when occurring in the heart. The pressure, however, which 
it exercises upon the fibres and the accompanying blood- 
vessels, ultimately causes in the former atrophic and de- 
generative changes. Thus the fasciculi gradually atrophy, 
the transverse striation becomes indistinct, and is replaced 
by molecular fat ; in fine, true degeneration of the muscle 
is established. These two processes, indeed, not uncom- 
monly go hand in hand together, the interstitial infiltra- 
tion inducing the intrastitial degeneration. 

TATTY INriLTRATION OP LIVER. 

It is in the liver that fatty infiltration assumes its most 
important aspect, and in this organ it is exceedingly fre- 
quent, constituting what is commonly known as the 
" fatty liver." It must be carefully distinguished from 
true fatty degeneration, in which the nutrition of the 
hepatic cells becomes impaired, and they consequently 
undergo retrogressive metamorphosis. This occurs in 
many structural changes of the liver, as cirrhosis, amyloid 
degeneration, &c., and is quite distinct from fatty infil- 
tration. 

The hepatic cells always contain a small quantity of 
fat, which is temporarily increased after the ingestion of 
fatty substances. It will be well to describe this phy- 
siological infiltration before proceeding to the morbid 
process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the blood, and by 
the deposition and temporary accumulation of a portion 
of this within the hepatic cells. This fat is first deposited 
in the cells which are in immediate contact with the capil- 
laries of the portal vein, and thus is produced an excess of 
fat in the cells at the circumference of the hepatic lobules. 
This gradually passes from the cells at the circumference to 
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tlioae in the interior, whence it is nltimatelj conveyed 
into the circulation. This process goes on until the excess 
of fat is removed from the blood, when the hepatic cells 
again acquire their former character. There is thos a 
transitory accmnnlation of fat within the hepatic celln 
which is gradnally removed, the vitahty of the cells not 
being thereby impaired. 

Preciaely similar to the above is the morbid process. 
The morhidly fatty liver is one which contains an abnormal 
qoantit; of fat. This may resnlt either from an excessive 
deposition from the blood, or from some interference with 




Showing acrumnlation ol fat in 

lobulr'H I Hepatu] vein, p, Interlobul&r portal VflflsnU 

(KmdflE>iai;h ) 

the removal of the temporary physiological ftccnmnlations. 
The fat being deposited from the blood in the portal 
oapillanes the increase is first observable in the external 
zone of the hepatic lobules (Pig. 11-) It accnmulates 
lure withm the cells as nunnte globules, which aa they 
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increase coalesce and form large drops of fat : these may 
nltimately completely fill and distend the cells, which at 
the same time become larger and more globular in shape. 
(See Fig. 8.) As the process proceeds, the accumulation 
advances from the periphery towards the centre of the 
lobule, until ultimately its whole mass may be involved, 
and the cells uni7er8ally become distended with fat« The 
vitality of the cells is not materially impaired by the 
infiltration; they continue to perform their functions, 
as is shown by the presence of bile in the stools and in the 
gall-bladder. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration is slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish- white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hypersBmic. 
The more extensive the infiltration the larger is the pale 
zone, and ultimately, when the whole lobule is involved, there 
may be left in the centre merely a reddish-brown point, 
which corresponds with the commencement of the hepatic 
vein ; and in many cases even this point is lost. The organ 
is then of an almost uniform opaque yellowish-white 
colour, and the boundary between the individual lobules 
may be completely obscured. Its consistence is much 
diminished, it feels doughy, and pits on pressure with the 
finger, and the knife used to cut it becomes coated with 
oil. The pressure exercised by the infiltrated fat pro- 
duces considerable anasmia of the organ, but the inter- 
ference with the circulation is never sufficient to cause 
ascites, haemorrhage, or other evidences of portal con- 
gestion. 

Fatty infiltration of the liver occurs under, two opposite 
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oonditioiis — one in whicli there is general obesity, and the 
fat accumulates in the liver in common with other parts ; 
and another, in which there is general emaciation, and the 
fat is removed from the subcutaneous cellular tissue, and 
from the other situations in which it naturally exists, whilst 
it accumulates in the hepatic cells. The latter is exceed- 
ingly common in chronic pulmonary and cardiac affections, 
especially in pulmonary phthisis. Possibly in these cases 
the interference with the respiration, and the consequent 
incomplete oxidation of the hydrocarbons, is intimately 
connected with it. 



CHAPTER VII. 

AMYLOID DEGENERATION. 

Ahtloid degeneration, which is one of the most impor* 
tant of the degenerative processes, consists in the injQl- 
tration of the tissues with a pecnliar homogeneons, 
translucent substance, bj which their vitalitj becomes 
diminished and their functions impaired. 

It was formerly known as the larda,ce(yu8f or waagy 
change, the organs affected bj it having somewhat the 
appearance of lard or wax. The term " amyloid " — which 
was applied to it by Virchow, from the supposed resem- 
blance of the new material to cellulose or starch — as being 
that by which it is most generally known, is here adopted. 

This form of degeneration is rarely a primary affection, 
but usually occurs in the course of some other disease. 
It appears to be associated with certain cachectic con- 
ditions, brought on by many exhausting diseases. It 
is in those diseases which are attended by profase 
and long-continued suppuration, as chronic diseases of 
bone, empyema, chronic tubercular and other suppura- 
tive diseases of the lungs, chronic pyelitis, and syphilis, 
that the amyloid change most frequently occurs. In 
syphilis, it is those cases in which there is caries or 
prolonged ulceration that it is most commonly met with. 

Every organ and tissue may be the seat of the change ; 
those, however, in which it is especially prone to occur, 
are the liver, the kidneys, the spleen, and the lymphatic 
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glands. It is met with less frequently ia the stomach 
and intestines, in the sapra-renal capsules, in the pharynx 
and GBSophagus, in the bladder, prostate, and generative 
organs, in serous membranes, in the membranes of the 
brain and cord, and in muscle. It is rarely limited to one 
organ, but several organs are almost invariably simulta- 
neously affected by it. 

Respecting the nature of the new substance which 
infiltrates the tissues, the analyses of Kekul^ and Schmidt 
show that it is a nitrogenous compound closely allied to 
albumen. The conclusions arrived at by these observers 
are, however, not satisfactory, as they were unable com- 
pletely to separate the substance from the tissues in 
which it was deposited. More recently, Eiihue has 
succeeded, by submitting the amyloid organs to a process 
of artificial digestion, in completely isolating the new 
material, and the results of his investigations confirm 
those of Kekul^ and Schmidt. It appears therefore that 
the amyloid substance is an albuminoid compound closely 
allied to albumen, from which it is probably derived by a 
retrogressive metamorphosis. 

The most characteristic feature of the amyloid sub- 
stance is the peculiar reaction which it gives with iodiue, 
and with iodine and sulphuric acid. If an aqueous 
solution of iodine — made with the help of iodide of potas- 
sium — ia applied to an amyloid organ, the affected portions 
change to a deep reddish-brown colour : this is not per- 
manent, but gradually passes off, and the part regains its 
former appearance. If the application of the iodine is 
followed by the cautious addition of sulphuric acid, a 
blackish-blue or violet tint is produced. This latter 
reaction, however, is not easily obtained, considerable 
nicety being required in the application of the reagents. 
The following is the method for obtaining it, recommended 
by Professor Virchow : — A dilute aqueous solution of 
iodine must be allowed to soak well iuto the tissue, the 
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excess mast be poured off, and a single drop of concen* 
trated sulphnric acid gradually added, when a bine oryiolet 
colour will be produced, either at once or after some time. 
In the hands of EngHsh pathologists this latter reaction 
has certainly met with but little success ; and if the colour 
be obtained, it is by no means satisfactory, and more 
nearly resembles a black than the blue which has been 
described. Fortunately, however, the reaction with 
iodine alone is perfectly characteristic, and the attempt 
to obtain the blue by the subsequent addition of sulphuric 
acid, is therefore quite unnecessary. If the change is at all 
advanced, the reddish-brown colour will be produced by 
merely pouring the aqueous solution of iodine over the 
cut surface of the organ ; but in sHghter degrees of the 
affection, thin sections must be made with a Valentin's 
knife, and well washed with water to remove the blood, 
before the coloration with iodine can be obtained. 

Upon considering the above reactions, it will be seen 
that they resemble, in some respects, those exhibited by 
some weU-known organic substances. Cellulose — the 
substance which forms the external membrane of vege- 
table cells — yields a blue when treated with iodine and 
sulphuric acid, and so far resembles the amyloid material ; 
but differs in not being coloured by iodine alone. The 
same is true of cholesterine : this also gives a reddish- 
brown with sulphuric acid, but is not altered by iodine. 
To starch, the resemblance is not so marked as to the 
two preceding substances : with this, iodine produces a 
blue colour without the addition of the acid. 

The amyloid substance almost invariably makes its 
appearance first in the small arteries and capillaries, and 
sabsequently extends from them to the surrounding 
tissues. The cells of the intima and of the muscular coat 
are the first to become infiltrated, then the remaining 
structures of the artery. When^ the vessels have become 
infiltrated, the amyloid matter extends to the immediately 
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surronnding parts; it invades both the cells and the 
intercellular substance, and may gradually extend until 
the whole organ is completely impregnated. 

The changes produced in the tissues by this infiltration 
, are very characteristic. The cells as they become fiUed 
with the new material gradually increase in size, they 
lose any irregularities in their contour, and become 
rounder and more regular in shape, their nuclei dis- 
appear, and the whole cell is converted into a structure- 
less homogeneous body, which has a peculiar translucent 

Fig. 12. 




lAoer Cells infiUrated toUh the Amyloid Substance, 
a. Single cells, h. Cells which have coalesced. 
X 300 (Bindfleisch> 

glistening appearance. (Fig. 12, a.) If the cells are in close 
contact many of them may coalesce, and their distinctive 
boundaries thus become obliterated. (Fig. 12, h.) The in- 
tercellular substance in the same way acquires a homo*- 
geneous glistening appearance. The walls of the small 
arteries — in which, as already stated, the change com- 
mences — ^become considerably thickened, and they pre- 
sent the same homogeneous translucent characters. The 
calibre of the vessels is diminished, and the circulation 
through them is consequently impeded. 

Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually considerably 
increased in size ; their absolute weight is increased, and 
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also their specific gravity ; their surface is smooth, and 
the capsale tense and stretched ; their consistence is firm 
and somewhat elastic. On section, thej exhibit a peculiar 
homogeneous, glistening, translucent appearance, some- 
what resembling wax or glue. Owing to the diminished 
calibre of their blood-vessels, and to the pressure exercised 
by the new materia], they contain but little blood, and 
hence are always pale in colour. The change may involve 
the whole organ, or it may be limited to certain portions : 
in the spleen, for example, it is frequently limited to the 
Malpighian corpuscles, and in the Hver, to the cells in 
the immediate vicinity of the hepatic artery. 

Although the above characters are often sufficiently 
marked, they should always be confirmed by the applica- 
tion of iodine to the cut surface of the organ. In slighter 
degrees of the affection — when the physical characters are 
but little altered — the application of this reagent becomes 
necessary in order to discover the presence of the sub- 
stance. In these cases, merely pouring the solution over 
the organ will often fail to produce the characteristic 
staining ; and it will be necessary to make thin sections 
with a Valentin's knife, and. wash them thoroughly with 
water to remove the blood, before the reaction can be 
obtained. 

In the earliest stages of the change the use of the mi- 
croscope may be necessary for its recognition, and by this 
means the slightest degrees of it can be readily discovered. 
If thin sections of the tissue are examined, those parts 
which are infiltrated will present the peculiar homo- 
geneous translucent appearance already described, the 
cells having lost their distinctive characters, and being 
united with the intercellular substance into a uniform 
mass. The addition of iodine will render, by the staining, 
any change at once apparent. 

The effect of amyloid degeneration is to impair or even 
to completely destroy the nutrition and function of those 
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organs wHicli are affected by it. Tliis is owing to two 
causes — the obstruction offered to the circulation, and the 
direct influence of the new material upon the parenchyma 
of the organ. The obstruction to the circulation, which 
results partly from the diminution in the calibre of the 
small arteries, and partly from the general pressure exer- 
cised by the infiltrated substance, causes an insufficiency 
in the supply of arterial blood. As a consequence of this, 
secondary atrophic changes are induced in various parts ; 
the cells atrophy and often undergo fatty metamorphosis, 
which indeed is constantly associated with the amyloid 
change. The infiltration of the parenchyma of the organ 
impairs the vitality of the cellular elements, and may 
ultimately completely arrest any manifestation of their 
functions. 

As this form of degeneration is almost invariably 
secondary to some grave constitutional state, it can rarely 
be looked upon as in itself a cause of death, although it 
may materially hasten, and even determine the fatal 
termination. 

Having thus described the nature of the amyloid sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. 

The disease, as already stated, appears to be an infiltra- 
tion, and to consist in the deposition of a new material 
from the blood in the various tissues and organs. The 
existence, however, of any albuminous compound in the 
blood which resembles amyloid in its reactions with 
iodine, has never been made out, even in the most marked 
cases of the disease. This fact must therefore negative 
the supposition that it is a simple infiltration. If derived 
from the blood at all, it must undergo some chemical 
change subsequently to its deposition in the tissues. Dr. 
Dickinson considers that the new material is de-alkalized 
fibrin, which is deposited in consequence of the loss of 
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the alkali with whicli it is normally combined ; this loss 
resulting from the profase suppuration to which the dis- 
ease is usually secondary; — Whence he terms it "depurative 
infiltration"* Whether this be so or no, it is probable 
that some change in the blood is the cause of the 
disease, and that this latter consists in the infiltration of 
an albuminous or fibrinous substance which becomes con- 
solidated in the tissues, and is not a direct metamor- 
phosis of the tissues themselves. The way in which the 
several tissues of an organ are affected, the change 
almost invariably commencing in the small nutrient blood- 
vessels, and extending from them to the surrounding 
parts; the general character of the affection, several 
organs being simultaneously involved; together with the 
fact that it is almost invariably secondary to chronic 
suppurative diseases — point to some alteration in the 
composition of the blood as the cause of the degene- 
ration. 

AMTLOID DEGENERATION OP MVEE. 

The liver is one of the most frequent seats of the 
amyloid change, and here, as in other parts, it commences 
in the small nutrient blood-vessels. The minute branches 
of the hepatic artery are first affected, and from these the 
infiltration gradually extends to the hepatic cells imme- 
diately adjacent, until ultimately the whole organ may 
become involved. 

If a liver is examined in the early stage of the affection, 
and the iodine solution is applied to thin washed sections 
of the organ, it will be found that the characteristic stain- 
ing is limited to certain portions of the lobules — ^viz., to 
those which are situated between their external and 
central parts. This intermediate portion corresponds 
with the distribution of the hepatic artery, and the 

• " Medico-Ohinirgical Transactions," vol. 1. 
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hepaiii] oelb aitaated between ita ramifioatidi 
bated with the new material before tboee in 
and central portions of the lobule, the brow 
first apparent in this eituatioD (Fig 13) 




An^UHd Liver. Showing infiltiatioDofcellB In theinter- 
mediats Kone of the lobnle. A. Interlobnlu' arteiy. 
r. UepMic vein, pp- ForUl veasels. x SOO (Bindfleisch). 

The earliest Beat of the amjloid change thus differs 
from that of the fatty. In fattj infiltration it is the meet 
external portion of the lobule in which the fat accnmii- 
latca— that which eoireBponde with the diatribntion of 
the portal vein (see Fitf. 11). It differs also from the 
infiltration with pigment, which takes place in the most 
central portion, aroond the hepatic vein. Thus in each 
hepatic lobule three zonea may be distingniehed : — 
an ertemal one, which is the chief aeat of tlie fatty 
change ; a central one, which is the chief seat of the pig- 
mentary change ; and an intermediate one, which ia the 
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cHief seat of the amyloid change. These three zones, 
indeed, may frequently be recognised by the naked eye, 
the pale opaque external one contrasting strongly with 
the intermediate one which is translucent, and with the 
darker central one. In the most advanced stages of the dis- 
ease, however, both the external and central portions of the 
lobule may become involved, and the cut surface present 
an almost uniformly homogeneous appearance. 

The amyloid liver is increased in size, often very con- 
siderably BO ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered. Its weight is increiised, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut-surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
reddish-grey or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be of an 
opaque yellowish-white colour, owing to the presence of 
fat. This association of the fatty and amyloid changes is 
exceedingly common. Amyloid infiltration does not ob- 
struct the portal, circulation, and hence does not cause 
ascites. It impairs the vitality of the hepatic cells, and 
thus interferes with the functions of the organ. 

AMYLOID DE6ENEBATI0N OF THE kiDNETS. 

The kidneys are especially liable to be involved in the 
amyloid change, and are frequently the earliest seats of the 
morbid deposition. It may constitute in them the primary 
lesion, or it may occur subsequently to inflammatory con- 
ditions of the secreting and interstitial structures. As a 

p 



68 NUTEinON IMPAIRED. 

primary change it is one of the most important yarieties 
of Bright's disease. 

The process commences in the tnfba of vessels which 
form the Malpighian bodies, the walls of which become 
thickened by the infiltration of the new material, so that 
the tofts are increased in size. It then proceeds to the 
small afferent arteries, and ultimately to the vasa efierentia, 
and to the arteriolse rectas which run through the me- 
dollary portion of the organ. After these vessels have 
ihns become infiltrated, and before those in the pyramids 
are affected, the deposition extends to the intertubnlar 
tissues of the cortex, into which the amyloid substance is 
poured, imbedding the tubuli uriniferi in its course. In. 
some parts it appears that the exudation takes place into 
the tubes themselves, as the easts which they contain are 
occasionally deeply stained by the iodine solution : this, 
however, is far from being frequently the case. In the 
earlier stages of the process, — ^if the organ is not the seat 
of any other morbid change — ^the tubes and their lining 
epithelium present a perfectly natural appearance. Many 
of them contain pale hyaline casts, which also appear in 
the urine. These, however, are probably simply albumen 
and fibrin, which have transuded from the vessels; although 
from the reaction they occasionally exhibit,- it appears that 
they sometimes consist of the same material as that 
which permeates the vessels and intertubnlar structures. 
As the change proceeds, and the new material increases 
in amount, the tubes become compressed, and in many 
places completely obstructed. If the compression is not 
uniform, they may dilate and form small cysts. The 
epithelium, which was at first normal, ultimately atrophies 
and undergoes fatty changes, owing to the interference 
with its nutrition. In some cases it appears to be the 
seat of a catarrhal condition, and the tubes are found 
blocked with epithelial products. 

The first effect of this change is to obstruct the circu- 
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lation in the cortex. The blood-vessels, diminished in 
calibre, aJlow little but the liqnor sanguinis to pass 
throogh them, the passage of the blood-oorpnscles being 
to a great extent prevented: hence the pallor of this 
portion of the organ. The arterial waUs are so altered 
that fluids and albumen readily permeate them; and 
thus is produced the large quantity of urine, loaded 
with albumen, which characterizes the earlier stages of 
this affection. As the infiltration increases, and the 
tubes become obfltructed, the urine diminishes in quan- 
tity. The excretion of urea is less interfered with than 
in other forms of Bright's disease, and hence symp- 
toms due to its retention seldom occur. Tube casts are 
rarely numerous, they are for the most part hyahne and 
finely granular, though sometimes they contain fatty 
epithelium. 

In the earlier stages of the affection, the cortex of the 
kidney is merely rather paler than natural, and perhaps 
somewhat firmer in consistence; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition becomes 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. AlS the disease advances, 
the size of the organ increases ; the enlargement, however, 
is confined to the cortex. The surface is smooth, and 
the capsule separates readily. The enlarged cortex is 
remarkably pale and anssmic, and has a peculiar translu- 
cent, homogeneous, wax -like appearance. Its consistence 
is hard and firm. A few scattered vessels may be seen on 
the surface, and the bases of the pyramids sometimes 
exhibit an increased amount of vascularity. If iodine is 
poured over the cut surface, the Malpighian bodies and the 
arteries of the cortex become mapped out almost as clearly as 
in an artificial injection. The enlarged Malpighian bodies 

7 2 
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may indeed often be seen as glistening points before the 
iodine is applied. Frequently, the homogeneous appearance 
of the cortex is interrupted by minute, opaque, yellow- 
ish-white lines and markings ; these are produced by the 
fatty changes in the epithelium of the tubes, which so com- 
monly occur in the later stages of the affection. Ulti- 
mately, the capsule may become more or less adherent, 
and slight irregular depressions may make their appear- 
ance on the surface of the organ : the latter are due to 
atrophic changes in some of the tubes. If, as is not un- 
frequently the case, the infiltration is associated with an 
increase in the intertubular connective tissue, the atrophy 
of the organ will be more marked. (See " Cirrhosis of 
Kidney.") 

AMYLOID DEGENERATION OP THE SPLEEN. 

Amyloid degeneration of the spleen is met with in two 
forms — one in which the disease is limited to the Malpighian 
corpuscles (" Sago Spleen"), and the other in which the 
pulp appears to be chiefly implicated. The former is 
much the more common condition. The Malpighian cor- 
puscles are infiltrated with the amyloid substance and con- 
verted into translucent, wax-like bodies, much like boiled 
sago : hence its name. The process commences in the small 
arteries of the corpuscle, and it is only after these have 
become infiltrated that it extends to the corpuscles them- 
selves. The small lymphatic cells of which the corpuscle is 
made up are then involved in the process, and ultimately 
the whole is converted into a pale, firm, translucent, glisten- 
ing mass. 

The sago spleen is more or less enlarged; its weight 
and density are also increased. The cut surface is smooth, 
dry, and studded all over with small glistening sago-like 
bodies, varying in size from a millet to a hemp-seed, 
which are stained a reddish-brown colour by the iodine 
solution. These may become so large as to occupy a 
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large portion of the organ, although in earlier stages of 
the affection they are so minute that they can only be 
seen in thin sections of the tissue. 

In the other variety of amyloid spleen, the pulpy pa- 
renchymabetweentlie corpuscles is infiltrated wiOi the new 
material. This is probably merely an advanced stage of 
the former condition, in which the disease extends from 
the corpuscles to the surrounding pulp ; the whole organ 
being ultimately involved. Under these circumstances 
the organ often attains a considerable size, much larger 
than is met with in the sago spleen. It is remarkably 
h.ard and firm, and the capsule is tense and transparent. On 
section it presents a dry, homogeneous, translucent, blood- 
less surface, of a uniform dark reddish-brown colour. 
Thin sections can be readily made with a knife, the organ 
cutting like soft wax. The corpuscles are not visible as in 
the former variety, being probably obscured by the sur- 
rounding pulp, which has become so densely infiltrated 
with the amyloid substance. 

AMYLOID DEGENEBATION OP LYMPHATIC GLANDS. 

In the lymphatic glands the process much resembles 
that in the spleen. The small arteries in coonexion with 
the follicles of the gland are the earliest seats of the 
change; and from these it extends to the minute cells 
with which the follicle is filled. The follicle is thus ulti- 
mately converted into a small homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glabds are largely concerned in the formation 
of the blood-corpuscles, their implication in the amyloid 
change must to a large extent aid in producing the 
emaciation and anssmia which characterize this affection. 
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The same is trae of the spleen, which is nsnaUy 
simultaneously involved. 

AUYLOn) DEGENERATION OF THE ALIMENTAST CANAL. 

The whole of the alimentary tract may be the seat of 
the amyloid change, and here it assames an important 
aspect from the deleterious influence which it eicercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and cedematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of iodine to the washed 
mucous surfaces that the nature of the change becomes 
apparent. In the small intestine — which is perhaps the 
part most commonly affected — ^the effect of the application 
of iodine is very characteristic : a number of small reddish- 
brown points appear over the whole surface of the mem- 
brane ; these correspond to the intestinal villi, the arteries 
and capillaries of which are infiltrated with the amyloid 
substance. In the stomach and oesophagus the vessels 
are mapped out in a similar manner by the iodine solu- 
tion. The change in the intestine gives rise to serous 
diarrhoea, this being probably due to an increased per- 
meability of the infiltrated walls of the vessels. 
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THE COBFOKA. AMYLACEA. 

The corpora amylacea or " amyloid bodies," bo frequently 
met with in the nervous system, in the prostate, and in 
other parts, have usnally been looked npon as more or less 
allied to the amyloid snbstonce ; there appears, however, 
with the exception of a certain similarity in their 
behavionr with iodine and snlphnric acid, to be no con- 
nexion between them.' 

They are round or oval bodies, formed of a succession 

of concentric layers, and are often changed to a deep blue 

colour by iodine, thus bearing both in their structure and 

chemical properties the strongest resemblance to granules 

of vegetable starch. (Fig. 14.) Sometimes, however, the 

blue is only exhibited after 

the subsequent addition of 

sulphuric acid, and thus a 

resemblance is shown to the 

amyloid substance. They 

vary in size from microscopic 

granules to bodies which are 

distinctly visible to the naked 

.• V . Amuloid Bodies /^rom Prostate. 

eye; sometimes being as ^ 

much as one or two lines in diameter. The larger ones 

are usually formed by the conglomeration of the smaller 

granules, which are often enclosed by a common envelope. 

They occur especially in the nervous system of those in 

advanced life : tiie ependyma of the ventricles, the white 

substance of the brain, the choroid plexus, the optic nerve 

and retina, and the spinal cord, being their favourite 

seats. The larger forms are met with most frequently in 

the prostate. The prostate of nearly every adult contains 

some of these bodies ; and they may accumulate here to 

such an extent as to form large concretions. They are 

also occasionally met with in the lungs, and in mucous 

and serous membranes. 
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As has been said, they usnally exhibit a bright bine 
colonr npon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, howeyer, are coloured green, or even 
brown by these reagents. The green is due to their ad- 
mixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green. The greater the amount of nitrogenous matter 
the more brown does the colour become. 

Prom the laminated structure of these bodies they 
would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon the surface of 
pre-existing particles. The nature of the material, how- 
ever, appears in no way to resemble that of the substance 
which infiltrates the organs in amyloid degeneration. The 
two processes are so essentially different, both in the cir- 
cumstances under which they occur, and in the characters 
and seat of the morbid products, that they cannot be 
looked upon as in any way analogous. Amyloid degene- 
ration is a general change, in which numerous organs 
are infiltrated with an albuminoid substance; whereas 
the formation of the corpora amylacea is evidently 
of a local nature ; it is often preceded by those local 
atrophic changes associated with advanced life, and 
consists in the deposition of some starch-like material, 
probably liberated in the tissues themselves, upon any 
free body which may exist in its vicinity. 

The corpora amylacea, especially those occurring in the 
choroid plexus and in the lateral ventricles, are very liable 
to become calcified, and they then constitute one form of 
" brain sand " which is so often met with in these situa- 
tions. 



CHAPTER VIII. 

CALCAREOUS DEGENERATION. 

Calcareous Degeneration — or, as it is more commonly 
called, Calcification — consists in the infiltration of the tis- 
sues with calcareous particles. Physiologically, an infiltra- 
tion of calcareous particles takes place in the formation of 
bone, in which lime andmagnesian salts are depositedin the 
fibrous or cartilaginous matrix. This physiological is pre- 
cisely similar to the pathological process. It is important, 
however, to distinguish simple calcification from ossifica- 
tion. In the latter, there is not only a deposition of lime 
salts, but an active change in the tissue itself — a proli- 
feration of the cellular elements, an intimate union of the 
calcareous matters with the tissue, and the formation of a 
true osseous structure in which the calcareous particles 
are not visible. Calcification, on the other hand, is a 
purely passive process, there is no increased nutritive 
activity of the part, no multiplication of elements, no 
alteration of the structure, but merely an infiltration with 
calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two opposite conditions, one — in which there 
is an absolute increase in the amount of these constituents 
in the blood, and the excess becomes deposited in the 
tissues ; the other — in which there is no such increase, 
but the deposition takes place owing to some alteration in 
the tissue itself. 
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An absolute increase of the saline constituents in the 
blood, and the deposition of the excess in the tissues, is 
much the least frequent form of calcification. It occurs 
in some forms of softening of bone, especially in extensive 
caries and osteomalacia. In these diseases the lime salts 
are removed from the bone, returned into the blood, and 
deposited in other tissues. In such cases the calcification 
is usually more or less general — many organs being simul- 
taneously involved. In osteomalacia, it is not uncommon to 
find the kidneys, the lungs, the stomach, the intestines, and 
even the dura mater and liver, infiltrated to a greater or less 
extent with lime salts. The excess of saline matters in 
the blood may also be due to interference with their excre- 
tion by the kidneys. In chronic structural disease of these 
organs, calcification may sometimes residt from the conse- 
quent impairment of their excreting functions. To which- 
ever of these causes the excess is due, the deposition will 
conmience in the tissue immediately surrounding the 
blood-vessels from which the calcareous matters are de- 
rived : thus, in the lungs, the seat of the change is the 
interlobular tissue; in the stomach, the stroma between the 
glands ; and in the kidney, the tubuli uriniferi and the 
intertubular tissue. If the process is the result of 
impaired excreting function of the kidneys it may be 
limited to them ; the pelves, and the tubes of the papilke 
and pyramids, being the earliest seats of the deposition. 
Precisely analogous to this form of calcification is the de- 
position of the excess of urate of soda which takes place 
in gout. 

In the great majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists in 
some impairment of their nutrition, associated with a 
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diminxition in the amount of blood, and a retardation of its 
cironlation. All those conditions which tend to produce 
atrophic and retrogressive changes in a part, and at the 
same time to interfere with the circulation in it, are liable 
to be followed by its calcification. Inflammation, rapidity 
of growth, diminished nutritive supply, and general impair- 
ment of vitality, may aU of them give rise to this process. 
This is seen in the calcification of the vegetations in 
endocarditis, of the caseous masses in the lungs and 
l3rmphatic glands, of many new formations, and of the 
blood-vessels and cartilages in old people. In its morbid 
antecedents calcification thus somewhat resembles fatty 
degeneration, and its pathological signification is in many 
cases equally difficult to determine. Fatty degeneration 
indeed very frequently precedes the calcification, which is 
merely a later stage of the retrograde process. 

Eespecting the cause of the deposition of the calcareous 
substances in the atrophied structures, it is probably 
partly owing — as stated by Eindfleisch — to the stagnation 
of the nutritive fluids in the part, owing to which the free 
carbonic acid which holds the salts in solution, escapes, 
and they are consequently precipitated ; and partly to the 
no^-assimilation of these fluids by the degenerated ele- 
ments of the tissue. The calcareous particles make their 
appearance both within the cells and in the intercellular 
substance ; they are much more frequent, however, in the 
latter situation. They are seen at first as fine molecules 
scattered irregularly through the intercellular substance. 
(Fig. 15.) They are characterized when viewed by trans- 
mitted light by their opacity, dark black color, and irre- 
gular outline, and also by their solubility in dilute mineral 
acids. They gradually increase in number until ultimately 
large tracts of tissue may be converted into an opaque 
calcareous mass, in whieh the cells are enclosed and can 
no longer be recognised. These larger masses have a sharp 
black irregular outHne, and when the calcification is com- 
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plete, acquire ahomogeneons, glistening, aerai-transparent 

appearance. The cella themBelves are much lees freqnentlj 

infiltrated, being usually merely eaelosed and obscnied bj 

Fio. 16. 




Cdletihd Carttlofft. x goO (BindfleUch). 
the calcified int«rcellalar anbetance. Catcareona particles 
may, however, make their appearance in the cell-contents, 
and gradually increasing, convert the cell into a homo- 
geneona calcareous body. 

The oalcareooa matters consist for the moat part of 
lime and magneaian aalts. eapecially the phosphates and 
carbonates. If the latter are preaent, the addition of a 
little dilute hydrochloric acid is followed by the appear- 
ance of nnmeroaa minute air hubhlea in the tisaue, owing 
to the hberation of carbonic acid. In those caaes in which, 
calcification is asaociated with retained gland aecretiona, 
the calcareous matters will consist of the specific gland 
salts. 

A part which has become calcified undergoes no further 
change, its vitality is completely destroyed, and it remains 
aa an inert raaaa. In thia respect calcareous differs from 
fatty degeneration. In the latter, subsequent changes 
invariably take place ; thepart either softening, caseattng, 
or becoming the seat of cali^catiou itself. It differs also 
in its effect upon ^e tiasne ; — the atmctnre of the affected 
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part is not destroyed, and there is no annihilation of his- 
tological elements, such as occurs in fatty degeneration : 
the tissue is simply impregnated with calcareous matters, 
which have no other effect upon it than to render it inert ; 
its vitality is destroyed, but its structure — in so far as the 
calcification is concerned — ^remains unaltered. If the 
saline matters are dissolved out with a little dilute mineral 
acid, the structure of the part may be again recognised, 
unless, indeed — as is usually the case — it has been de- 
stroyed by any antecedent change. 

Calcification must thus be looked upon in many cases 
as a salutary lesion, the impregnation with calcareous 
matters preveuting subsequent changes in the part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is the most favourable termination 
of the large class of fatty changes, as is exemplified by the 
calcification of many inflammatory products, of tubercle, 
and of many other new formations. It may, on the other 
hand, under certain circumstances, be attended with most 
deleterious consequences, as is the case when it affects the 
arterial system. 

CALCIFICATION OF AS.TERIES. 

Calcification of arteries may, like fatty degeneration, be 
a primary or secorida/ry affection. As a secondary change 
it constitutes one of the terminations of the atheromatous 
process, and as such is constantly met with in the aorta 
and its branches. (See " Atheroma.") 

Primary calcification is essentially a senile change, and 
is the result of that general impairment of vitality which 
exists in advanced life. It is associated with atrophy of 
the arterial tissues, and in some cases witli more or less 
fatty degeneration. As it is not dependent upon a local 
cause, but upon general malnutrition, the change is a 
general one, and when occurring in one part is met with 
in others. It is, howeyer, especially frequent in the super- 
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ficial arteries, in the arteries of the npper and lower extre- 
mities, and in those of the brain« Its most common seat 
is the middle coat, where it commences in the muscolar- 
fibre cells. The calcareous particles make their appear- 
ance at first around and within the nucleus, and gra- 
dually increase until they fill the cell, which becomes con- 
Terted into a small calcareous flake. The process may go 
on until the muscular coat is completely calcified, or it may 
be limited to isolated portions of the coat ; giving rise to 
numerous calcareous plates which are irregularly distri- 
buted throughout it. From the muscular, it may extend to 
the external and internal coats, until ultimately the vess'el 
becomes calcified throughout. In the majority of cases, 
however, the middle coat only is involved. 

The vessel thus calcified, loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is exceed- 
ingly common in the external iliac and in the vessels of 
the lower extremity, where it is a frequent cause of 
"senile gangrene." 



CHAPTER IX. 

PIGMENTAEY DEGENEEATION. 

PiGMENTAHY Degeneration, or Pigmentation, consists in an 
abnormal formation of pigment in the tissues. All true 
pigments are derived from the colouring matter of the blood. 
Physiologically they are for the most part eliminated by 
the kidneys and liver ; or they may be deposited in the 
tissues and there remain permanent. The choroid coat 
of the eye and the skin of the negro are well-known 
examples of tissues in which there is this permanent ac- 
cumulation of pigment. The cells in these situations 
appear to be endued with a special power to abstract the 
colouring matters from the blood and to store them up in 
their interior, where they undergo certain chemical 
changes and become converted into pigment. 

In the pathological process also, the pigment is derived 
from the same source, although its presence in the tissues 
is rarely dependent upon any abnonnal secreting powers in 
their cellular elements, but is the result of certain changes 
in the circulation or in the blood-vessels, owing to which the 
colouring matter of the blood escapes and infiltrates the 
surrounding parts. This escape of hsemoglobin may be 
owing to rupture of the vessels themselves, or to conditions 
of congestion or stasis, in which the blood-corpuscles and 
liquor sanguinis pass through their walls. In either case 
the hsBmoglobin will permeate the tissues and ultimately 
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be converted into pigment. Ruptnre of the vessels and 
the direct extravasation of blood, is, however, the most 
common antecedent of the pigmentary change. Soon 
after the extravasation has taken place, the hsBmoglobin 
escapes from the red blood-corpuscles, either by exuda- 
tion or by destruction of the corpuscle, and mixed with the 
liquor sanguinis, infiltrates the surrounding tissues. 
In other cases it escapes without any solution of con- 
tinuity in the walls of the vessel. This frequently occurs 
in conditions of inflammatory stasis and mechanical con- 
gestion, in which serous exudation takes place into the 
tissues, and the hsBmoglobin is liberated from the blood- 
corpuscles within the vessels, from which it transudes, 
dissolved in the liquor sanguinis. Lastly, the red cor- 
puscles themselves may pass through the walls of the 
capillaries without rupture having taken place. In which- 
ever of these ways the solution of hasmoglobin is de- 
rived, it infiltrates the tissues, staining both the cells and 
the intercellular substance a yellowish or brownish-red 
color. It is taken up, however, more readily by the cells 
than by the intercellular substance, or by membranous 
or fibrous structures ; and it stains only the cell-contents, 
the nucleus and cell- wall remaining unaltered. 

After the colouring matter has remained for some length 
of time in this diffuse form, it undergoes certain changes :— 
it becomes darker and more or less grantdar, minute red- 
dish-brown or black granules and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the extravasated hsBmoglobin is a 
chemical one, and the substance into which it is converted 
is ho&matoidin, Hssmatoidin appears to be closely allied 
to the coloring matter of the bile, cholepyrrhin, which is 
also a derivative of haemoglobin. It exhibits similar reac- 
tions when treated with concentrated mineral acids, dis- 
playing the same variations of green, blue, rose, and 
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yellow colours. It is insoluble in water, alcohol, ether, and 
in dilute mineral acids and alkalies ; it is soluble in the 
caustic alkalies giving a red colour. It contains more 
carbon than haemoglobin ; and it also contains iron. 

The granules of hsamatoidin vary in size from the 
smallest particles to masses as large as a red blood-cor- 
puscle. The larger ones are round, or more commonly 
irregular in shape, and have a sharp defined border. 
Their colour varies from yellow, red, and brown, to black. 
These variations appear to depend upon the age of the 
granules and the tissue in which they are formed ; the 
older they are the blacker they become. The smaller 
granules are usually dull and opaque, the larger ones, 
however, often present a more or less glistening appear- 
ance. (Fig. 16.) The crystals of hasmatoidin are oblique 
rhombic prisms, usually of a beautiful yellowish-red or 



Fig. 16. 
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Haematoidin crystals. 
(Virchow.) 



Cells containing pigment, a, by 
c, e. From a cancer, d. Epithe- 
liam from a blood-vessel, x 300. 
(Rindfleisch.) 

ruby-red colour, sometimes approaching to brown or black. 
They may also occur as little plates and fine needles, but 
these are less common forms. (Fig. 17.) They are in 
most cases so small that considerable care is required to 
recognise their crystalline nature under the microscope, 
and they may easily be overlooked as merely irregular 
granular masses : in some cases, however, they attain a 
larger size. They are more or less transparent and pre- 
sent a shining strongly refracting surface. 
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Wlietlier the haBinoglobiii is converted into grannlar or 
ciysteJline hamatoidm appears partly to depend upon 
the tissue in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in others, as the lungs, only the granules 
are met with. Both the granules and crystals are cha- 
racterized by their durability and by their great powers of 
resistance; when once formed they undergo no further 
change. 

Those forms of pigment — ^both granular and crystal- 
line — which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from hsematoidin, and which has been 
called melcmin. There appears, however, to be no foun- 
dation for such a distinction ; melanin is probably merely 
hasmatoidin, which has become more or less altered by 
age. It is endued with greater powevs of resistance, 
being less readily soluble in reagents than the more 
recently formed hsBmatoidin. 

Pigmentation, although one of the most common and 
nniversal forms of degeneration, is of comparatively little 
importance as a morbid process. The mere existence of 
pigment within and between the histological elements of 
the tissues, has in itself but little influence upon their 
vitality and functions. The atrophy and impairment of 
function which so frequently accompany it, must rather 
be looked upon as the result of those conditions npon 
which the formation of the pigment depends, than as in 
any way owing to the presence of the pigment itself. As 
evidence of other antecedent conditions, it assumes, how- 
ever, a more important aspect. The pigment being 
derived from eztravasated hsBmoglobin, in whatever situa- 
tions it occurs, it must be looked upon as the result of some 
alteration in the circulation or in the blood-vessels, owing 
to which the escape of the colouring matter is permitted. 
An exception to this exists, however, in the case of certain 
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pigmented new formations, in wliich the presence of the 
pigment appears to be partly omng to the selective 
power of the cells; these, like those of the choroid, 
separating the coloring matter £rom the blood. • It is 
those growths which originate in tissues normally con- * 
taining pigment, as the choroid and rete mncosnm, which 
are most frequently melanotic. 

Pigment is often the only evidence of a former ex- 
travasation. This is frequently the case in cerebral 
haemorrhage, where the crystals of hsematoidin may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, also, the shght haemor- 
rhage which follows the escape of the ovum at each men- 
Btrual period, is marked by the formation of pigment 
which constitutes the "corpus luteum.' ' In mechanical con- 
gestion and inflammation, again, the consequent pigmenta- 
tion may be the principal evidence of the former existence 
of these conditions : this is especially seen in pigmenta- 
tion of the mucous membrane of the stomach and intes- 
tines. The formation of pigment is thus, with few 
exceptions, the result of some antecedent change in the 
blood-vessels or circulation ; and its presence in the 
tissues appears to be little more than a testimony to 
the existence of those processes upon which its formation 
depends. 

False Pigmentation. — There are certain forms of dis- 
coloration of the tissues which are not due to the presence 
of hsBmatoidin: these must be distinguished from true 
pigmentation. The most important of them, and that 
which is most closely allied to the process already described, 
is the staining of the tissues with the coloring matter of the 
bile, which is itself a derivative of hsamoglobin, and is, as 
before stated, very analogous to hsBmatoidin. This yellow 
staining may affect nearly all the tissues, constituting 
"jaundice ;" or it may occur in the liver alone, from local 
obstructions to the small bile-ducts, as is often seen in 
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cirrhosis of that organ. In these cases, however, there i^ 
merely the staining of the tissues with the colouriog-matter 
of the bile, and no subsequent conversion of this into 
pigment. 

The discoloration caused by the long continued use of 
the salts of silver must also be distinguished from true 
pigmentation : the colour here is due to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation : the discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the coloring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal gases. 
Lastly, the minute particles of carbon which are always 
met with in the lungs must be distinguished from true 
pigment. 

PIGMENTATION OP THE LUNGS. 

In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The limgs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — ^the 
lungs of infants and young children being almost free from 
it, whereas those of adults invariably contain it in con- 
siderable quantities. 

This normal pigmentation of the lungs is principally 
due to the presence of carbon, and not to that of true 
hsematoidin-pigment. The carbon — which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
the atmosphere — ^is inhaled, and the minute particles pass 
into the finest bronchial tubes. Having entered the 
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bronclii, manj of them penetrate the epithelial cells and 
mucns-corpascles, where they may be seen as small black 
grannies within the cells. These may readily be observed 
in the cells of the greyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of the 
carbon thus inhaled is eliminated by expectoration ; many 
of the particles, however, pass into the air- vesicles, and 
here their removal by this means being less readily 
effected, they penetrate the pulmonary substance, and 
make their way into the inter-lobular and peri-bronchial 
tissue. It is in these situations that most of the pulmo- 
nary pigment is found, and there it may be seen either 
within the connective tissue-cells, or lying free amongst 
the fibres. 

As to the means by which the particles of carbon 
penetrate the walls of the air- vesicles and minute bronchi, 
nothing is certainly known. They may possibly be con- 
veyed by amoeboid cells, or by the extra-vascular nutrient 
fluids ; — ^be this as it may, there can be no doubt that the 
penetration takes place, this having been conclusively 
demonstrated by physiological experiment. When once 
the carbon has made its way into the inter-lobular tissue, 
some of it is taken up by the lymphatics and is deposited in 
the bronchial lymphatic glands, where the black particles 
are also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, iron, and other substances,— of which the 
lungs of miners, stone-masons, and grinders afford fre- 
quent examples. Here also minute particles enter the 
bronchi, penetrate the pulmonary substance, and are de- 
posited principally in the inter-lobular tissue. In the 
case of miners — in which this is most common — ^the par- 
ticles of coal enter the lungs in such large quantities as to 
give to them a uniform dark black colour, and like the car- 
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bon normally inhaled they are most abnudaiit in tlie in- 
t^rstdtiol tisaae. (Fig. 18.) In stoiie-iiiasona, grinders, &c. 
the limga also become deeply pigmented, althoogh to a 
leas extent than those of minera. 
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The black colonr of the Innga in these cases, howerer, is 
not entirely doe to the presence of the inhaled snbstancw, 
but partly to that of true hEematoidin-pigment. The in- 
halation of the irritating particles sets np inflammatory 
changes in the bronchi and pulmonary tinsae, causing 
chronic bronchitis, chronic lobnlar pnenroonia, and a large 
increase in the fibrons tisane of the Inngs, which thns nlti- 
m&telybeco.me consolidated, excavated, tongh and fibnms 
(" Colliers" and "Knife-grinders' Phthisis," &c,) Owingto 
these stmctorBl changes there is a considerable escape of 
colonring matter, either from rnptnre of the capillaries or 
transudation of semm, and hence a large formation of tme 
pigment ; and to this true pigment mnch of the dark 
colour of these longs most nodoubtedly be ascribed. The 
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lungs of stone-masons and grinders are like those of 
miners deeply pigmented, altHoagh to a less degree, but 
the black coloor in the former cases cannot be entirely 
accounted for on the supposition that it is due to the pre- 
sence of inhaled particles. 

Pigmentation of the lungs from the presence of hsema- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by the 
formation of pigment. In chronic phthisis, pigmentation 
occurs, partly as the result of the inflammatory process, 
and partly from the obstruction of the vessels caused by 
the new growth : — lines of pigment are constantly seen 
surrounding the nodules of consolidation. In mechanical 
congestion also — such as frequently results from insuf- 
ficiency and stenosis of the mitral orifice — the same abnor- 
mal pigmentation is seen. In these latter cases the lungs 
often become extremely pigmented and present a uniform 
brownish-red colour mottled with black. The pigment is 
situated not only in the inter-lobular tissue — which is 
usually increased in amount — ^but also in the epithelium 
of the air-vesicles and bronchi. This condition constitutes 
the * brown mdwration* of Yirchow and Laennec. 

In acute croupous pneumonia the blood which is extra- 
vasated into the inter-lobular tissue and air- vesicles, and 
which in the early stages gives to the expectoration a rusty 
or prune-juice colour, subsequently becomes converted into 
pigment, and the sputum becomes of a greyish-black ; the 
pigment granules being visible in the newly-formed epi- 
thelial cells and mucus-corpuscles. 

Pigment in the lung usually occurs as black irregular 
granules, it is rarely met with in a crystalline form. In 
all cases in which it is found in any quantity in the lung, 
it is also found in the bronchial glands. It is taken up 
by the lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X, 

NUTRITION INCREASED. 

The morbid changes thus far described, Have been attended 
either by arrest or by impairment of nutrition ; — ^those re- 
main to be considered in which the nutritive activity is in- 
creased. They include Hypertrophy and the New For- 
mations. 

HYPEKTKOPHY. 

Hypertrophy is an increase in the amount of a tissue, 
resulting from an increase in its functional activity. The 
increased functional activity, and the consequent hyper- 
trophy, are in most cases conservative in their nature, 
being induced by some necessity for an increased manifes- 
tation of the functions of the tissue ; in muscle, for exam- 
ple, in order to overcome some obstruction ; in a secreting 
organ, to secrete more fluid. 

It is in muscular tissue that hypertrophy is most fre- 
quently met with. Examples of it are furnished, by the 
hypertrophy of the muscles of the calf in ballet dancers, 
of the left ventricle of the heart in aortic and mitral re- 
gurgitation ; also by the hypertrophy of a hollow viscus, 
from obstruction to the exit of its contents — as of the heart 
from obstruction at the valvular orifices, or in the course 
of the circulation, of the muscular coat of the stomach in 
stricture of the pylorus, of the intestine above a permanent 
stricture, and of the bladder in stricture of the urethra. 
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The kidney also may become Hypertropbied, owing to tHe 
I088 or incapacity of its fellow. In bone, hypertrophy of 
the fibula has been observed in cases of disease, or of nn- 
nnited fracture of the tibia. In all these cases the neces- 
sity for increased activity leads to increased development. 

The term " hypertrophy" is frequently appHed to those 
enlargements of organs which result from long continued 
irritation, or from other unknown causes ; as to enlarge- 
ments of the lymphatic glands, of the tonsils, the thymus, 
and of the prostate gland. Such growths, however, are 
some of them inflammatory in their nature, others come 
more properly within the category of " tumours." It is 
better, in order to avoid confusion, to limit the i)se of the 
term " hypertrophy" to those conservative growths which 
result from increased functional activity of the tissue. 

The increase in the amount of the tissue may be owing 
simply to an increase in the size of the elements of which 
it is composed: it is then termed simple hypertrophy. 
The process, however, is usually more complex, the in- 
creased nutritive activity of the elements which leads to an 
increase in their size, leads also to an increase in theii' 
fiwniber, and to the formation of a new tissue, which is 
similar to that from which it originated .—this is termed 
n/wmerical hypertrophy, or hyperplasia. The two forms 
of hypertrophy are thus comparable with the two forms 
of atrophy: — ^in simple hypertrophy as in simple atrophy, 
there is merely an alteration in the size ; in nxmierical — an 
alteration in the nmnher of the elements. 



CHAPTER XL 

THE NEW FOEMATIONS. 

Incbeased nutritive activity of a tissue — as has been seen 
in the preceding chapter— leads not only to the enlarge- 
ment of its component elements, but also to the production 
of new ones. It is this production of new elements^ and 
the various structures to which they give rise, that con- 
stitutes the New Formations. 

The New Formations comprise both inflamvniaitory and 
non-inflcmimatory growths. Of these, the latter — which 
include the various kinds of tumours, together with some 
growths to which the term " tumour " is not strictly ap- 
plicable—will be considered in the present part of this 
work, whereas the inflammatory growths will be treated 
of in the chapters on " Inflammation.*' 

Twmowra, — ^which constitute the greater portion of the 
non-inflammatory formations — are growths which, having 
attained a certain size, either remain permanent, or, more 
frequently, tend continuously to i/ncreaae. In their develop- 
ment and growth they are characterized by their mdepen' 
dence of the rest of the body ; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is independent of, that of the surrounding tissues. 

There are however, some non-inflammatory growths 
which cannot be regarded as " tumours ** in the ordinary 
acceptation of that term. Amongst these are the mimerical 
hyj^ertrophies, described in the preceding chapter, and 
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many of the general hyperplasuM of the fibrous tissue ot 
organs, as some forms of cirrhosis. The characteristics of 
the tubercular and syphilitic growths again, differ in some 
respects from what have been above described as those of 
tumours. 

The inflammatory new formations differ from the non- 
inflammatory in being caused by some irritation, upon 
the removal of which the process of growth usually ceases. 
They are characterized by their instability ; they either 
rapidly undergo retrogressive changes, or at the most, 
form a tissue which in its structure and life is similar to 
that from which they originated. Their tendency is 
gradually to approximate to a healthy condition, and, not 
like that of the tumours, continuously to increase and 
deviate from the normal type. 

Whatever be the nature of the new formation, it is always 
the direct product of the elements of a pre-existing tissue, 
these elements being in some cases migrated white blood- 
corpuscles. In order therefore to understand the patho- 
logy of the new formations, it is necessary to be intimately 
acquainted with the histology and mode of development 
of the normal tissues. 

Etiology op the New Formations.* — As the new for- 
mations are the resnlt of the increased nutritive activity 
of the elements from which they originate, it will be 
readily understood that their causes must for the most 
part be obscure, and that in many cases all that can be 
said is, that the new growth is the result of the spontaneous 
activity of the elements from which it springs. Sometimes 
however, the causes are either wholly or partially ascer- 
tainable. They may be divided into constitutional predis' 
poavng, and direct exdtvng, causes. 

Constitutional Predisposing Ca/uses. — That many 
growths owe their origin to some constitutional taint, has 

* This, together with the remainder of the present chapter, ap- 
plies only to the non-ir^nunak>ry growths. 
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long been an universally accepted pathological doctrine. 
The constitutional cause has frequently been regarded as 
a general one, consisting either in some alteration in the 
constitution of the blood, or in some abnormal condition 
of the physiological processes throughout the entire or- 
ganism. It was formerly supposed that many new for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the growth were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — a dyscrasia. Although 
this hypothesis is now universally abandoned, and all 
new formations are known to originate from pre-existing 
cellular elements, an alteration in the constitution of the 
blood or in the performance of the physiological processes 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the malignant new formations which are thus 
supposed to owe their origin to the existence of a general 
constitutional taint. These growths are said to be of a 
constitutional origin, in contra-distinction to the non- 
malignant growths which are looked upon as purely local. 
This hypothesis is principally based upon the clinical 
characteristics of the malignant growths — their tendency to 
recur after removal, their multiplicity, and the difficulty or 
impossibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently preceded by an unhealthy state of the con- 
stitution — a cachexia. In the majority of cases of cancer, 
however, there is no evidence of any such cachexia pro- 
ceeding the local growth. The individual is usually in 
good health at the time of the occurrence of the primary 
tumour. The general impairment of nutrition and 
emaciation, which constitute the cachexia, are secondary 
to the local growths, and are in direct proportion to their 
extent and situation : — the more extended the local lesions, 
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the greater the amount of discharge, the more the lym- 
phatics and the digestive organs are involved, the more 
marked is the attendant cachexia. 

The multiplicity of malignant growths is also adduced 
as an argument in favour of the existence of a general 
constitutional taint. The fact that malignant growths 
are frequently multiple, constitutes in itself no ground 
for such a conclusion. The multiplicity is for the most 
part a secondary phenomenon, the secondary tumours 
resulting from infection by the primary one. Simple 
prima/ry multiplicity is not so characteristic of malignant, 
as of many other tumours — the lipomata, fibromata, se- 
baceous tumours, and warts, are all more often primarily 
multiple than cancer. Multiplicity in many cases is evi- 
dence rather of a local than of ^ general taint. In scro- 
fula, for example, the lymphatic glands generally are 
prone to become the seats of new growths, and tumours 
are often multiple in bone without occurring in other 
tissues. In such cases there would appear to be a local 
rather than a general cause. 

The recurrence of the malignant growth afber removal, 
at the seat of the operation, may again be owing to the 
removal having been incomplete, some of the proliferating 
matrix or of the growth itself having been left behind. 
Those growths which are essentially malignant, possess the 
property of infecting the adjacent tissues. This infecting 
power extends in many cases for . some distance beyond 
the confines of the growth, and as the physical characters 
of the infected tissues differ in no way from those of the 
healthy, there are no means of determining how far wide 
of the tumour the incision must be carried in order to in- 
clude the whole of the infected structures. A tendency 
to local recurrence is a property possessed by many 
growths, and it can be explained on local grounds without 
the necessity of admitting the existence of a general 
taint. 
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Lastly, the fact that malignant growths are nsnally fol- 
lowed by the development of similar growths in the lym- 
phatic glands and in internal organs, may in most cases be 
more readily explained — as will be .seen when speaking of 
" malignancy"— by regarding these as the resnlt of infec- 
tion by the primary tumonr, than by ascribing them to 
the existence of a common constitutional canse. 

The reasons already adduced in a preceding chapter (see 
" Introduction"), for considering all changes in the con- 
stitution of the blood as secondary to local causes, would 
appear of themselves to be sufficient to render untenable 
the hypothesis of a jorimary blood dyscrasia. Any 
abnormal condition of the blood which may be associated 
with the development of malignant tumours must probably 
be regarded as resulting either from the absorption of dele- 
terious substances, from the entrance into it of the elements 
of the growth, from the drain of an attendant discharge, or 
from interference with the processes of digestion, assimila- 
tion or secretion, or with the formation of the blood itself. 

Although there would thus appear to be no necessity 
to admit the existence of a general constitutional cause 
in order to explain the clinical characters which con- 
stitute malignancy, there can bie no doubt that many 
growths, both innocent and malignant, have a constitu- 
tional origin. The possibility of the existence of such a 
constitutional cause, must therefore be borne in mind in 
accounting for the development of secondary malignant 
growths, as although these may result from infection, 
they may also owe their origin to the same causes as 
those which induced the primary one. Whether the 
constitutional cause is a general one — consisting in 
fiome specific peculiarity of the entire organism, or 
whether it is local in its nature — and consists in some con- 
stitutional peculiarity of the tissues from which the new 
growths originate, some peculiarity which renders them 
more prone than other tissues to undergo abnormal de- 
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yelopment — ^is unknown ; although the latter supposition 
seems to be the more probable one. 

The influence of hereditary predisposition upon the oc- 
currence of many growths, appears to point to the existence 
of a heal, rather than to that of a genei^al coiistitutional 
taint. In scrofula, for example, which is a markedly 
hereditary disease, the tendency of the lymphatic glands 
to undergo excessive development from very slight degrees 
of irritation, is probably to be regarded as owing to a pre- 
disposition of the glands themselves, and not to any general 
constitutional state. The same is probably true of many 
other constitutional tendencies. NsBvi, tumours of the 
skin, uterus, mammsB, stomach, and of other parts, are 
again, aU unquestionably sometimes hereditary ; and here 
also the tendency would appear to consist in a predispo- 
sition of the tissues themselves to become the seats of new 
formations. 

The tendency sometimes observed in particular tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of new 
growths — ^tumours occurring in nearly aU the bones, and 
not being met with in other parts. Tumours may in the 
same way be multiple in other tissues. 

Direct Exciti/ng Causes. — ^The existence of a direct ex- 
citing cause is more capable of demonstration than a con- 
stitutional one. It consists either in some direct irritation 
of a tissue, which is by this means stimulated to increased 
development, or in the migration or transmission of ele- 
ments from some primary growth, which by proliferating 
in the tissues in which they lodge, constitute the centres 
of secondary formations. 

The direct irritation of a tissue may be owing to simple 
meehamMal or chemical, or to specific irritants. Simple 
mechanical or chemical irritation can, however, under no 
circumstances be the onhj cause of the development of the 
growth. The effect of such irritations alone, is to cause an 
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inflammatory foTmation ; in order for tHem to produce a 
non-inflammatory one, a tnmonr, there must be some 
special predisposition of the tissue itself: the irritation 
can merely detemime its development. The influence of 
simple irrigation in the production of new formations is 
exemplified by the frequent occurrence of epithelioma on 
the lips of smokers from the irritation of the pipe ; and 
on the penis and scrotum of chimney-sweepers, from the 
irritation of the soot (" chimney-sweep's cancer"). The nu- 
merous recorded instances of the development of a tumour 
following some external violence or injury, leaves little doubt 
that these also sometimes stand to one another in the rela- 
tion of cause and effect. Lastly, it is those organs which are 
most exposed to irritation from external causes, as the sto- 
machjthe uterus,the mammary-gland,and the rectum,which 
are especially liable to become the seats of new growths. 

In other cases the irritant is specific, and induces 
specific changes in the tissues. It may either be intro- 
duced from without, or originate from some morbid pro- 
duct within the body. As to its nature, it is probably in 
most cases matter in a state of extremely fine division, 
and not in a state of solution. Such specific irritants can 
only act upon the tissues through the medium of the 
blood, lymph, or nutritive fluids. The dissemination of 
cancer and of other malignant growths, is probably thus 
partly owing to the transmission of particles of the 
growth, which cause the tissues with which they come in 
contact to generate similar formations. Here also, how- 
ever, there may exist some special predisposition of the 
tissues themselves. 

The development of new formations from cellular 
elements which have either emigrated, or been conveyed 
from their original habitat, constitutes the most fre- 
quent and important mode by which secondary 
malignant growths originate. The elements, which 
may either migrate spontaneously from the primary 
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growth, or be carried by the blood -or lympb atreams,. 
proliferate in the tissue in which they lodge, and so 
develope into secondary formations. It is possible also 
that by their mere contact with the adjacent elements, 
they may induce in these similar development. This 
mode of origin of new formations is exemplified by the 
history of many malignant growths, and by this means 
these are most frequently disseminated. It will be more 
fully described when speaking of " Malignancy." 

Development. — ^The tissues from which new formations 
most frequently originate are the connective tissues, inclu- 
ding under this head lymphatic (adenoid) tissue. It is espe- 
cially the lower members of this class — common connective 
and lymphatic tissue, which are prone to generate new 
growths ; the higher members — cartilage and bone, are 
much less so. Next in order of frequency must be placed 
the epithelial tissues; and lastly, the higher tissues — 
muscles, blood-vessels, and nerves, from which the develop- 
ment of new growths is comparatively rare. It is proba- 
ble also that many of the elements from which new 
growths originate — especially those of the connective tissue 
class — are migrated white blood-corpuscles. The part, 
however, which such migration plays in the development 
of the new formations is at present unknown. 

The first stage in the process of development consists 
in an increase of the protoplasm of the ceUs, and the divi- 
sion of their nuclei. This is followed by multiplication of 
the cells, either by simple division, gemmation, or endo- 
genous growth; and in this way a number of new cells 
are produced (see " Genesis of Cells"). In the case of com- 
mon connective tissue — ^in which, as aheady stated, these 
processes most frequently occur — ^if the development is 
rapid, the early stage of cell-proliferation is precisely 
similar to that which takes place in the formation of an 
ordinary granulation. In place of the connective tissue cells 
innumerable small round cells are produced,, from ys^ to 
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fg^ of an inch in diameter, nsnally enclosing a large 
round ill-defined nnclens, which is often only visible after 
the addition of water or of acetic acid. These cells possess 
no limiting membrane, but consist of little masses of pro- 
toplasm which are almost in close contact with one another. 
They are indistinguishable from the cells of a granulation, 
and from many of those met with in the rapidly growing 
-, -g oonnective tissue of the embryo. 

(Fig. 19.) It is from these cells, 
which are usually known as i/ndif' 
ferent cells, that the new growth 
is produced. It is probable that 
many of these so-called "indif- 
ferent cells," do not originate 
from the cells of the connective 
tissue, but are migrated white 
blood-corpuscles. How far such is 
CeZto fi^a QranuUUion ^i^q ^ase is, as already stated, not 

known. 

There is thus in the first place, a conversion of the 
connective tissue into a granulation or embryonic tissue, 
and subsequently of the embryonic tissue' into that of 
which the new growth is composed. It is often impossible 
to determine in this early stage of the growth what it will 
ultimately become, whether a fibroma, a sarcoma, or an 
enchondroma, &c. In those growths which originate 
from the higher connective tissues, and from epitheliiim, 
the first stage is in the same way one of cell-proliferation, 
and here also, if the process is rapid, the young tissue 
may only subsequently assume the characters which are 
peculiar to the permanent growth. 

The second stage of the process consists in the develop- 
ment of these young cells into the tissue of the permanent 
growth. They may form a tissue precisely similar to that 
from which they originated ; e.g., when originating from 
connective tissue, they may produce connective tissue ; this 
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is seen in the formation of afibroiis tnmonr : or when origi- 
nating from epithelial tissue, they may produce epitheham, 
as in the formation of a glandular tumour. In other cases 
they produce a tissue which differs more or less from the 
parent tissue, as when from connectiye tissue springs a 
cartilaginous tumour, or from epithelial tissue a cancer. 
In all cases, however, the new growth resembles in its 
structure and mode of development some physiological 
tissue, either in its embryonic or fully developed state, so 
that every pathological growth has its physiological proto- 
type. What determines the ultimate development of the 
young cells, why they produce such various forms of 
growths, is as far from our knowledge as what determines 
the ultimate destination of the cells in the embryo. 

The whole of the primary cells may form the same kind 
of tissue, in which case the growth will possess the same 
characters throughout ; or it may be complex, some cells 
forming one kind of tissue and some another. A com- 
bination of two or more kinds of structure may thus be 
met with in the same tumour — as a combination of sarcoma 
and lipoma, of enchondroma and myxoma, and so on. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, new formations are divisible into two classes — 
homologous and heterologous. When the growth re- 
sembles in its structure and development the tissue from 
which it originates, it is said to be homologous, when it 
differs it is said to be heterologous, A cartilaginous tu- 
mour, for example, growing from cartilage, is homologous, 
but growing from any other tissue, as from the parotid 
gland, it is heterologous. The same variety of tumour 
may thus be in one case homologous, in another hetero- 
logous. A purely homologous growth is therefore simply 
a hyperplasia, an excessive growth of a tissue in some 
particular part; any deviation from the type of the 
parent tissue constitutes heterology. 

H 2 
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Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates ; a growth is also said to be heterologons 
when it differs from the tissue in which it is sittboted, and. 
this may occur without its being the direct product of the 
latter. It is heterology in this sense, that is so charac- 
teristic of the epithelial cancers. Those which originate 
from epithelium become heterologous, owing to the 
growth and extension of the epithelium beyond its normal 
limits (see " Epithelioma"). The same form of heterology 
obtains in the case of growths originating from elements 
which have migrated or been carried from their original 
habitat, and have developed into a tissue which differs 
from that in which they are situated. 

Heterology as a rule is an evidence of malignancy. 
All heterologous growths, however, are not malignant, 
slight deviations from the normal type being no evidence 
of malignancy. A purely homologous growth is never 
malignant. A growth primarily homologous may subse- 
quently become heterologous, this is seen in the case of a 
long-standing innocent tumour suddenly exhibiting malig- 
nant characters. A knovirledge of the homology or hetero- 
logy of a growth, is therefore an important element in 
the determination of its innocent or malignant nature. 

Relation of the Growth to the subkounding 
Tissues. — The relation of the tumour to the surrounding 
structures will depend upon its mode of growth. Growth 
may take place simply by the continuous proliferation of 
the cells of which the tumour is composed, in which case 
it wiU merely displace the surrounding })arts. Having 
attained a certain degree of development, a fibrous ' 
capsule is often formed around it, by which it becomes 
completely isolated. The lipomata, fibromata, and en- 
chondromata are usually thus encapsuled. In other 
cases, growth takes place also at the circumference, 
by the continuous proliferation of the parent tissue. 
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There is then no line of demarcation between the tumour 
and the matrix from which it grows, so that although to 
the naked eve it may appear separate, the microscope 
"will discover in the adjacent matrix elements of the new 
growth. This is very common in the sarcomas, and in other 
tumours of the connective-tissue class, and is a common 
cause of recurrence after removal. Lastly, the tumour may 
increase not only by the proliferation of its matrix, but also 
by invading other structures : — this occurs in those growths 
which are essentially malignant (see " Malignancy"). 

EiETROGRESSivE CHANGES. — The development of the 
growth being complete, it becomes sooner or later the seat 
of retrogressive changes. The time at which these 
commence, varies: — as a rule the permanence and durability 
of a tumour bear an inverse relation to the rapidity of its 
growth, and to the inferiority of its organization. The more 
rapid the growth, and the more lowly organized the tissue 
formed, the less its durability and the sooner do retrogres- 
sive changes occur. The cancers and sarcomas, for exam- 
ple, which develope rapidly, and consist for the most part 
of cells, quickly degenerate ; their elements are unstable 
and soon perish. Osseous tumours, on the other hand, 
which develope more slowly, and consist of a more highly 
organized tissue, have a much greater stability, and are 
but little liable to retrogressive metamorphosis. 

The retrogressive changes are similar to those met with 
in the physiological tissues. Impairment of vitality is 
followed by fatty degeneration and its various terminations, 
—softening, caseation, and calcification. Pigmentary, col- 
loid, and mucoid degeneration may also occur. New forma- 
tions may also become the seats of an inflammatory process. 
Malign A.Ncy. — This consists essentially in the property 
possessed by many growths of infecting adjacent or distant 
tissues in such a way as to cause in them the production 
of formations aimila/r to the original growth. Some growths 
possess this property in a higher degree than others, so that 
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tbere are different degrees of malignancy. It is important 
not to confound the terms "malignancy" and**caiiceron8.'* 
" Malignancy^* is a purely clinical term, and though in a 
high degree the property of the cancers, is by no means 
confined to them ; the sarcomas, for example, are in many 
causes equally, or even more malignant. The term " compeer,** 
on the other hand, is used to imply a definite structure, and 
as such is applied to a certain class of new formations. 

A growth may infect other tissues in the three following 
ways : — 

1. By its Direct Infiu€fn.ce upon the Adjacent Structures, — 
This takes place either by the nutrient fluids of the growth 
infiltrating the surrounding tissues and causing them to 
undergo similar development ; or — which is probably much 
more frequent— by the migration of elements from the 
growth and their proliferation in the adjacent structures. 
This has already been described when speaking of the causes 
of the new formations. In many cases the infecting sub- 
stances do not act upon the tissues immediately adjoining 
the malignant growth, but on those at a distance, causing a 
series of secondary growths in the neighbourhood of the 
primary one. Such must be owing to the migration of 
cells, and not to the infiltration of juices. 

2. Through the Medium of the Lymph. — In this case it 
is the lymphatic glands which are first affected. Infecting 
materials — consisting either of cellular elements, soHd par- 
ticles, or fluids, are taken up from the malignant growth 
by the lymphatics, and being arrested in the nearest glands 
cause in them similar development. When these have 
themselves developed into secondary grovrths, they in their 
turn constitute new centres of infection, and may thus infect 
more distant glands, or the immediately adjacent tissues. 

3. Through tlie Medium, of the Blood. — This is usually 
the terminal process in the history of malignant growths. 
The blood, like the lymph, becomes contaminated by the 
primary tumour, from the entrance into it either of solid 



THE NEW FORMATIONS. 108 

m 

matters in a state of fine diyision, or of cdlnlar elements. 
Sometimes the walls of the vessels are destroyed by the 
growth ulcerating through into their interior, portions of it 
may then be carried off and disseminated by the circnlation. 

The secondary growths occur as a rule in those organs 
through which the blood from the primary one first 
passes — ^that is, in those organs which present the first 
set of capillaries either for the arrest or absorption of 
the infecting materials. In maHgnant diseases of those 
organs, for example, which return their blood through the 
portal vein, as the stomach and mesenteric glands, it is 
the liver in which the secondary growths usually first 
occur, and when this has become involved, it may consti- 
tute a secondary centre of infection, and in the same way 
cause tertiary growths in the lungs. Although- this 
sequence is the rule, there are numerous exceptions. In 
many cases the organs which are nearest in the course of 
the circulation to the primary growth escape, whilst 
those more distant become affected. This may be owing to 
one organ being more predisposed to the influence of the 
infecting materials than another; or to the capillaries of 
the proximal organ allowing infecting particles to pass 
through them, whereas those of the more distant one are 
small enough to arrest them. Lastly, it must be borne in 
mind, that the secondary growths may be entirely inde- 
pendent of the primary one, their origin being due to 
the same cause. 

The evidences of malignancy in a growth thus con- 
sist — ^in its invasion of the surrounding structures, the 
implication of the neighbouring lymphatics, and the 
occurrence of similar growths in internal organs. As a 
general rule it may be stated that the more juice a 
growth contains, and the richer it is in blood-vessels and 
lymphatics, the more quickly will it infect the lymphatic 
glands, and internal organs; on the other hand, the 
poorer it is in blood-vessels and lymphatics, the more 
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are its infecting properties confined to the neighbouring 
tissnes. 

The determination of the innocent or malignant natnre 
of any growth will principally depend upon its microsco- 
pical characters, as by these alone can be certainly ascer- 
tained to which class the growth belongs. Many varieties 
of new formations are invariably malignant, as the cancers 
and sarcomas ; hence any growth which from its minute 
structure must be included under these heads, must be 
regarded as being of a malignant nature. The probable 
degree of the malignancy of any particular tumour must 
be determined from its situation and mode of growth, 
from its succulence and vascularity, and from the clinical 
peculiarities of the individual case. 

Classification. — New formations may be classified upon 
an anatomical, a physiological, or a cHnical basis. Although 
a physiological and clinical classification are much to be 
desired, in the present state of our knowledge they must 
be very incomplete. A classification of the new forma- 
tions according to their histological characters is conse- 
quently here adopted. Such a classification may be most 
advantageously made in accordance with the classification 
of the physiological tissues : — 
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Classification of the new Formations. 
Type of the Connective Tissues, 

Type of fully developed con-) 

•'*^ ^ ,. ,. Fibroma, 

nective tissue 

embryonic connective) _, 

. . Sarcoma, 

tissue 

granulation tissue. . . Gumma. 

mucous tissue Myxoma. 

adipose tissue Lipoma. 

cartilage Enchondroma. 

bone Osteoma.- 

( Simple 



9f 
it 

» 

it 
tf 



J9 



lymphatic (adenoid) 
tissue 



y The Lymphomata 



Lymphoma. 
Leukemia. 
^ Tubercle. 



Type of the Epithelial Tissues, 



Papilloma. 
Adenoma. 

'Sdrrhus. 

The Carcinomata- ^"fP^'.*^''*^- 

Epitneboma. 

, Colloid. 

Type of the Higher Tissues, 

Type of muscle Myoma. 

„ nerve Neuroma. 

„ blood-vessels Angioma. 



CHAPTER XII. 

THE FIBROMATA. 

The Gbromata, fibrous, or conuectdve-tdHsne tnmoim, are 
tnmonrs consiiting of fullj developed connective tisHiie. 

Steuctusb. — In structure the fibromata present the 
Bame variationH as those met with in connective tisane- 
Some of them are composed of firm, dense, fibrons tissne. 
Bnch as constitutes tendons; others are laxer and less fibrous 
in oonsistence, mora TBsembling the connective tissue of 
the cutis. The fibres (Fig. 20), which constitute the chief 
Fro, 20. p*rt of the growth, may be 

- -"■*- closely interlaced without any 

' , .\, definite arrangement, or they 
,^ may be grouped in bundles 
^^ - . ' of various sizes : they are 

^1 J frequently arranged concen- 

' -• ^ , tricolly around the blood-ves- 

sels. The cells, or as they are 
.«ftr«« nuBour. -200. usnaUy called, the connective- 
tdssue corpnsdes, are very few in number, and nsnally 
only become visible after the addition, of acetic acid. 
They are minnte, spindle-shaped, fusiform, or Btellat« 
bodies, the latter having processes of varying length, 
which communicate with similar processes from neigh- 
bouring cells. They contain in some cases an oval 
nncleos. The size and number of these cells varies with 
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the rapidity of growth — the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromata usually contain but very few blood- 
yessels. In some cases,' however, these are more numerous, 
and form a cavernous network, the walls of which are 
firmly united to the tissue of the tumour, so that when 
divided or ruptured they are unable to retract. In such 
cases, injury to the tumour is often followed by profuse 
haemorrhage. 

Development. — ^The fibromata qlways originate from con- 
nective tissue, either from the cutis or subcutaneous connec- 
tive tissue, from the submucous or subserous tissue, from 
fasciae, the periosteum, the neurilemma, or from the connec- 
tive tissue of organs. The process probably consists in the 
enlargement and multiplication of the connective-tissue 
cells. If this takes place very rapidly, the new growth 
presents at first the characters of embryonic tissue, the 
cells being very numerous, and the intercellular substance 
soft and amorphous (see "Development of New For- 
mations"). The latter, however, subsequently fibrillates, 
the cells diminish in number and size, and the embryonic 
becomes fully developed connective tissue. The slower the 
process of development, the less marked are these embiyonic 
characters. The fibromata are almost always limited by 
a fibrous capsule, which separates them from the surround- 
ing structures. Their growth is slow and central, taking 
place within the capsule. 

Secondaky Cha-NGEs. — Of these, partial mucoid soften- 
ing and calcification are the most common. Ulceration 
also sometimes occurs in those growths which are situated 
in the submucous tissue. 

Varikties. — Fibrous tumours present some variations 
in their characters, which depend for the most pari upon 
the tissues from which they grow. Those growing from 
the cutis are softer and less dense in consistence than 
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those met with in many other sitnations ; they nsnally 
also have papillae on their surface. These growths from 
the cutis are by no means uncommon, and may form 
enormous tumours. They are frequently multiple, and in 
their growth often become pedunculated. They commonly 
occur in middle or advanced life. 

Another variety of fibrous tumour grows in connexion 
with nerves, and is often described as neuroma. True 
neuromata, however — i.e., new formations of nerve tissue — 
are amongst the rarest forms of new formations. These 
fibrous growths most frequently occur in connexion with 
the superficial nerves. They grow from the neurilemma, 
and as they increase in size, the nerve fibres become ex- 
panded over them, so that they often cause considerable 
pain — hence the term "painful subcutaneous tubercle" 
which is applied to them. 

The fibroid tumours of the uterus, which are often 
regarded as fibrous tumours, appear in most cases to be 
overgrowths of the involuntary muscular tissue of the 
organ. They will therefore be described with the muscular 
tumours. (See " Myoma.") 

Physical Chara-CTERs, &c. — Fibrous tumours are 
usually more or less spherical or oval in shape, and are 
frequently lobulated on the surface. Their consistence 
varies : — ^they may be exceedingly firm, dense, and fibrous, 
or softer and more succulent. On section, they usually 
present a greyish-white basis substance, intersected with 
opaque white glistening fibres. They are generally single, 
except when growing from the neurilemma or cutis, in 
which situations they are frequently multiple. 

Clinical CHAHACTEBS.^Clinically the fibromata are 
perfectly innocent, and have little or no tendency to recur 
locally after removal. 



CHAPTER XIIL 

THE SARCOMATA. 

The sarcomata are tumoxirs consisting of embryonic con- 
nective tissue. Of these there are several varieties, 
depending upon the size and configaration of the cells, 
and the nature of the intercellular substance. They in- 
clude what have generally been known in this country as 
fihro-plastic, fihro-nucHeated, recwnrent-fihroid, and myeloid 
tumours. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. It differs 
from the fully developed tissue in consisting almost entirely 
of cells, which are not only more numerous, but larger and 
rounder than those of the mature tissue. Its intercellu- 
lar substance also, instead of being fibrous, is sofb and amor- 
phous, or only obscurely fibrillated. This is the common 
condition of connective tissue in the primary stages of all 
rapid formative processes, as already described when 
speaking of it as the tissue from which many tumours of 
the connective-tissue class originate (see *' Development of 
New Formations"). 

In simple hyperplasias, as seen in the preceding chapter, 
the connective tissue may assume at first these embiyonic 
characters ; but in these, as in the embryo, it is ultimately 
developed into a mature structure — the cells diminish in 
number and size, and the intercellular substance fibrillates. 
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In inflammatory conditions also of the connectiye tisstle, 
the new growth differs in no way from embryonic tisBne« 
but here cells of a lower type are subsequently formed^ 
which undergo rapid retrogressive changes (see " Inflam* 
mation of Connective Tissue"). In the sarcomata, however, 
the connective tissue retains the embryonic state through- 
out its growth, there is a progressive formation of em* 
bryonic tissue ; and thus the process differs from simple 
hyperplasia, on the one hand, in which a mature tissue is 
formed, and from the inflammatory one on the other, in 
which many of the new elements perish. 

Stuucture. — ^The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
its growth retains the embryonic type. The ceUa, which 
constitute nearly the whole of the growth, consist for the 
most part of masses of nucleated protoplasm, and rarely 
possess a limiting membrane. They present many varia- 
Zns in ««, and form; a« a rule, however, they preserve 
the same general characters in the same tumour. There 
are three principal varieties— the round, the fusifovm, 
and the myeloid cells. 

The round cells are many of them indistinguishable 
from lymphatic cells or white blood-corpuscleii. Others are 
larger and contain an indistinct nucleus with one or more 
bright nucleoli : these closely resemble the granulation cells* 
The fusiform, or spiiidle-shaped cells, are the so-called 
** flbro-plastic cells." They are long narrow cells, terminat- 
ing at each end in a fine prolongation. Some of them 
may be broader, approaching the epithelial type ; othera 
more or less stellate. They are slightly granular, and 
usually enclose a long oval nucleus, with or without 
nucleolL In size they vary considerably. These cells 
represent a higher stage of development than the round 
cells, resembling those met with in granulation or em- 
bryonic tissue, which is in the process of forming mature 
^nnective tissue. 
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The myeloid, or mother cells, are much larger than 
either of the preceding, and are analogous to the cells 
met with in the medulla of bone in inflammatory condi- 
tions, and in the embryo. They are very irregular in 
shape, though for the most part more or less spherical, 
and they often possess numerous offshoots. They are 
finely granular, and contain several round or roundly-oval 
nuclei, each with one or more bright nucleoli. The nuclei 
may be exceedingly numerous, one cell containiog as many 
as thirty. Both the cells and nuclei vary considerably in size. 

An interceUula/r substance exists in all the sarcomata, al- 
though it is usually very small in quantity, the cells lying 
in nearly close apposition. It may be perfectly fluid and 
homogeneous, or firmer and granular, or, less frequently, 
more or less fibnllated. Chemically it yields albumen, 
gelatin, or mucin. 

The blood-vessels are very numerous, and are either in 
direct contact with the cells, or separated from them by 
a little fibrillated tissue. Their distribution is very irre- 
gular, and their walls consist of embryonic tissue, similar 
to that of the growth which they supply ; hence, the fre- 
quency with which rupture and extravasation of blood 
take place. 

Development. — ^The sarcomata always originate from 
connective tissue — either from the subcutaneous, the sub- 
mucous, or the subserous tissues, the fasciae, the connective 
tissue of organs, the peritoneum, or the medullary tissue 
of bones. Their growth may take place in two ways, by the 
multiplication of their own elements — central growth, and 
by the continuous invasion of their jaB^trix— peripheral 
growth. A peripheral growth is the great characteristic 
of the sarcomata; they usually increase by the continuous 
invasion of their connective-tissue matrix, so that no line 
of demarcation exists between the two. Although the 
connective tissue alone constitutes the matrix from which 
they grow, they often appear, like the cancers, to impli- 
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cate indiscriminately other tissues. This in reality is 
rarely the case, they usually merely displace these, and 
by their pressure cause them to atrophy. A purely cen- 
tral growth is less common. A sarcomatous tumour, 
however, frequently becomes encapsuled and growth takes 
place within the capsule; but even in this case the capsule 
is often merely that of the part within which the growth 
originates, as the periosteum, or the capsule of a lym- 
phatic gland. It is probable that migrated white blood- 
corpuscles play an important part in the development of 
these tumours. 

Secondary Changes. — ^The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in the older portions of the growth, causing 
softening, caseation, or the production of cyst-like cavi- 
ties. It is frequently associated with destruction of the 
blood-vessels and hssmorrhage : the latter may give rise 
to pigmentation, and the formation of sanguineous cysts. 
Calcification, ossification, and mucoid degeneration are 
also common. The occurrence of ossification and pigmen- 
tation is influenced by the predisposition of the matrix 
from which the growth is produced : — ^thus ossification is 
more prone to occur in tumours originating from the 
periosteum, pigmentation in those originating from the 
cutis or eyeball. 

Yabieties. — Although all the sarcomata possess the 
same general chax^xsters, they present many histological 
and chnical differences, which may serve as bases for 
their classification. The occurrence of the various secon- 
dary changes — ossification, pigmentation, mucoid degene- 
ration, and the formation of cysts, impart their respective 
characters to the growth ; hence osteoid-sarcoma, mela' 
notic'sarcoma, and cystlosa/rcoma, have been described as 
distinct varieties. This is to a certain extent justifiable, 
inasmuch as sarcomata which have undergone these trans- 
formations, in many cases possess the property of repro- 
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dnciii^ Uie same cliaracters when ihej occur secondarilj 
in internal organs. The following histological clasaificO' 
tkm, based upon the three different forma of cells already 
I described, is perhaps the most convenient. It mnat how- 

I erer, be bome in mind, that all the Tarieties of cells maj 

J be fonnd in the same tmnoar, althongh the majoritj are 

nanall; of the ssjne type ; hence, the majority will deter- 
mine the dass to which the growth belongs. 

1. Spindie-oeUed Sarcoma. — This, the well-known 
jibroplasiio tumour, is the most closely allied to the 
fibromas, inaamnch as it consists of a tissue which must 
be regarded as occupying an intermediate place between 
embryonic and fully -developed connective tissue. It con- 
sists of spindle-shaped and fusiform cells, varying consi- 
derably in size, snd nearly in close contact, there being 
very little intercellular substance. (Fig. 21.) Thecellssre 




360 (Virohow) 

parallel and arranged in bundles which pass in all direc- 
tions through the growth, so that on section it presents a 
somewhat fasciculated sppearauce. !□ some parts there 
may be partial fibrillation. The spindle- celled sarcomata 
grow from the periosteum, the fasciee, and from the 
connective tissue in other parts. They are more fre- 
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qnently encapsuled than tlie other varieties, they never- 
theless very frequently extend by peripheral growth. 

2. Botrnd-celled Sarcoma, — This is of softer consistence 
than the preceding, and from its resemblance in many 
cases to encephaloid, has received the names of medniUary, 
erbcephaloidf or soft, sarcoma. Histologically it is elementary 
embryonic tissue, consisting of the round cells already de*' 
scribed, embedded in a scanty, and usually soft, homoge- 
neous, or finely granular intercellular substance. (Fig. 22.) 

There is an almost complete absence of 

r* i^ r fttsiform cells, aod of the partial fibril- 

^<>0^^''-f^J^, lation which is so frequent in the more 

>^^gto6^<©*£ highly developed spindle-celled variety. 

^^?4p§y?*^ The round-celled sarcomata are of a 

"■^^ uniform soft-brain-like consistence, and 

Baund^U^^Sarcoma, ^f a^ somewhat translucent greyish or 

reddish- white colour. On scraping the 
cut surface, they yield a juice which is rich in cells. They 
are exceedingly vascular, the vessels often being dilated and 
varicose, and from their liability to rupture, they frequently 
give rise to ecchymoses, and to the formation of sangui- 
neous cysts. They grow from the cutis, the sub-cutaneous 
cellular tissue, the periosteum, the fasci83,and from the con- 
nective tissue of organs. They extend rapidly by peripheral 
growth, and are rarely encapsuled. From their clinical and 
physical characters, these tumours are very liable to be con- 
founded with encephaloid cancer: — they are distinguished 
by the absence of a fibrous stroma, by the uniformity in the 
character of their cells, and by the absence of any invasion 
of the surrounding structures in their growth, other than 
the connective tissue from which they grow. 

There is a variety of round-celled sarcoma growing from 
the connective tissue of nerve, the " neuroglia," known as 
Glioma. It consists of small round cells, embedded in a 
scanty, homogeneous, granular, or slightly fibrillated inter* 
cellular substance. (Fig. 23.) Some of the cells m9ry possess 
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fine prolongations which, bj commnnloating with i 

another, form a reticnlatod Htmcture, 

These tumooTB are not eucapsiiled, they ^"'' 2*- 

ooear in the grej and white snbstaDce A^JL^i^? . 

of the brain m the cranial nerrea and in 0\T 

the retina. They never cause Becondary 

growtliH. Childhood IB the age at which 

th^ are most frequently met with. 

Flo 84. 
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3. Mydoid Sareoma. — This, which is conunonly known 
»s trvjeloid, is closely allied to the preceding variety, con- 
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flisting of elementary embryonic tissne. It possesses 
however, certain histological peculiarities depending npon 
the characters of the tissue from which it grows. Myeloid 
tomoors always occur in connexion with bone, and almost 
invariably originate in the medullary cavity. They consist 
of the large, many-nucleated cells already described as 
** myeloid cells," — ^which are merely the cells of the medulla 
in a state of excessive nutritive activity — together with 
numerous fusiform cells like those met with in the spindle- 
celled varieties. There are also some smaller cells resem- 
bling those of the medulla in its normal condition. These 
various forms of cells are nearly in close contact, there 
being very little intercellular substance. (Fig. 24.) The 
growth is usually exceedingly vascular. 

Myeloid tumours always grow in connexion with bone, 
the heads of the. long bones being their favourite seat. 
They are also frequently met with in the upper and lower 
jaws (Epulis). As they increase in size, the compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on palpation the peculiar sensation 
of " egg* shell crackling." In many cases their great vascu- 
larity gives rise to distinct pulsation, and to the generation 
of an aneurismal murmur : this is most frequent in those 
of the lower extremity. These tumours are of moderately 
firm consistence, many of them are firm and fleshy, others 
are softer, more resembling size-gelatin. They are not 
pulpy and grumous like the soft sarcomas, neither do they 
present the fasciculated appearance of the spindle-celled 
varieties. Their cut surface has a uniform succulent 
appearance, often mottled with patches of red. They are 
usually encapsuled by the periosteal covering of the bone 
within which they grow. 

Clinical Ghabactebs. — The sarcomata occur most fre- 
quently in early and middle life, and are amongst the 
most malignant of new formations. They are characte- 
rized by their great tendency to extend locally and to recur 
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after removal, and by their power of reproducing them- 
selyes in internal organs. They rarely infect the lymphatic 
glands. Their growth is in many cases exceedingly rapid, 
and the softer forms nsnally increase by the continnons 
invasion of their matrix : they rarely however, like cancer, 
implicate other tissues. Their characteristic clinical 
feature is their tendency to become generally disseminated, 
the secondary growths occurring for the most part in the 
lungs. The dissemination is effected by means of the 
blood, and this is owing to the thinness of the walls of 
their blood-vessels and to the immediate contact of these 
with the cells of the growth — conditions most favourable 
to the entrance of the cellular elements into the circula- 
tion. The dissemination of the sarcomata, is, on this 
account, often more rapid than that of the cancers. In 
the latter, extension in the early stage, takes place prin- 
cipally by the lymphatics, and dissemination by the blood 
only occurs in the later stages of the disease. The secondary 
sarcomata frequently resemble the primary one, in other 
cases the several varieties replace one another. 

These malignant characters are possessed by the different 
varieties of sarcoma, in different degrees. As a rule, the 
softer and more vascular the tumour, and the less its ten- 
dency to form a fully-developed tissue, the greater is its 
malignancy. The soft, round-celled varieties, are thus 
usually much more malignant than the firmer spindle* 
celled growths. This is probably partly owing to the 
small round cells being endowed with greater powers of 
spontaneous movement than the spindle-shaped and larger 
cells, hence they more readily make their way into the 
blood-vessels. The myeloid growths are perhaps the least 
malignant, they may however also give rise to secondary 
growths in internal organs. 



CHAPTER XIV. 



THE GUMMATA. 



The Ghimmata are new formations consisting of a very 
incompletely organized grannlation tissue. The primaxy 
result of all active formative processes on the part of the 
connective tissue, is, as already described in the preceding 
chapter, and in that on the general pathology of the new 
formations — ^the formation of an embryonic tissue. The 
more active the process, the more elementary is this new 
tissue, and the more closely does it resemble that met with 
in the inflammatory process, which is known as grcmtdct' 
U&n i4s8tte, (See " Inflammation of Connective Tissue.'*) 

Granulation tissue must thus be regarded as the most 
elementary form of embryonic tissue. It is met with not 
only in an ordinary granulation, but also in the rapidly 
growing connective tissue of the embryo, and as the 
"primary stage of all rapidly developed new forma- 
tions which originate from connective tissue. Strue- 
turaJly, it consists of small, round, finely granular cells 
from Y^sis ^ tbW ^^^ ^ diameter, enclosing an ill- 
defined nucleus, which is often only visible after the 
addition of acetic acid. These cells possess no limiting 
membrane, and are embedded in a very scanty, soft, homo- 
geneous intercellular substance. (See Fig. 19.) 

There is a certain class of new formations which have 
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been described by Yirchow as " granulation tumours." 
Thej consist in the first place of a granulation tissue ; 
this becomes very incompletely organized into a fibrous 
structure and many of the elements at the same time 
rapidly undergo retrogressive changes, so that the 
growth is ultimately made up of atrophied, degenerated, 
and broken down cell-products, embedded in an incom- 
pletely fibrillated tissue. These are the growths which 
are most characteristic of syphilis, and they are known 
as gummata or gummy tumours. They are closely allied 
to chronic inflammatory growths on the one hand, and 
to the small round-celled sarcomata on the other. 

Although the gummata are the new formations most 
characteristic of syphilis, all syphilitic growths cannot be 
included under this head. A simple fibrous growth is as 
frequently the result of the syphilitic poison as a true 
gummy tumour, although as evidence of syphilis it 
occupies an inferior place. The two, however, are so fre- 
quently associated, that in many cases it becomes difficult 
to draw a sharp line of demarcation between them ; a 
formation which in its early stage is simply young con- 
nective tissue, may subsequently assume either in whole, 
or in part, the characters of a gummy tumour. It will 
therefore be well before describing the gummata to say a 
few words on the simple fibrous growths. 

New growths of connective tissue occur for the most 
part earlier in the course of constitutional syphilis, than 
the gummy tumours. They are the homologous growths 
of syphilis, whereas the gummata are more heterologous. 
They are met with in many situations. In the periostev/m, 
where they constitute " nodes," they are situated in the 
deeper layers of the membrane, which proliferate and 
form an embryonic tissue (periostitis). This may 
develope into a fibrous structure, or it may become a 
true gummy growth. These changes are usually attended 
with thickening of the subjacent bone. 
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In the Uver, an increase of fibrons tissne is Tsry com* 
mon as the result of syphilis : — ^both the capsule and the 
interlobular tissue may be involved. The affection of 
the capsule consists in an irregular thickening and 
puckering of its substance ; the thickened portions being 
frequently connected with dense fibrous septa, which 
pass into the interior of the organ. There are usually 
also numerous strong peritoneal adhesions. The inter- 
lobular change is very similar to that of ordinary 
cirrhosis. It differs in being less uniform and general, 
the increase of connective tissue occurring only in certain 
regions, or around certain branches of the portal vein; 
also in the intercellular network being much more ex- 
tensively involved, the new growth often extending to the 
centre of the hepatic lobules. The organ thus becomes 
much more irregularly puckered and atrophied than in 
non-sypliilitic cirrhosis. True gummy growths may 
originate subsequently in the fibrous septa. 

In the lungs, testicle, muscle, and in other parts, a similar 
hyperplasia of the connective tissue may- take place, al- 
though it is less frequent in these situations than in the 
liver and periosteum. In aU, however, the new tissue is 
characterized by the irregularity of its distribution, and by 
its tendency to become subsequently the seat of gummy 
growths. 

Structure of Gummata. — The Gummata consist of 
atrophied and degenerated elements embedded in a scanty 
and obscurely fibrillated stroma. The central portions of 
the growth are composed almost entirely of closely packed 
granular debris, fat granules, and cholesterine, amongst 
which there may be an ' exceedingly scanty fibrillated 
tissue. Surrounding this and directly continuous with 
it, is a more completely fibrillated structure ; whilst the 
peripheral portions of the growth — which are continuous 
with the surrounding tissue — consist entirely of small 
round cells, resembling granulation-cells and lymph- 
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corpuscles. (£'ig. 25.) The blood-veaselB, which only 

BiiHt in the eitemal por- _, 

tious of the growth, are veiy 

few in nnmher. n 

Dbvslofkbnt. — The gun- ' 

mala always origioate frem 
connective tisHae. The first 

Bt^e in the process con- "* 

irista in the formation of a 
granutation tissne. This is 
followed by the incomplete 
development of the new 
tiaene into a fihrouB strue- Oumms erowth jvom iit^r a. 

ta,.,i.g.th.rwithth..t„. 2;?;j.F^*;i°'jffi:."i.":; 

phy and degeneration of ripheral granulfttion liseue. r. A 
many of theyoung elements. ^;S'^''^^^, " ^^- ^^"^ 
The d^enerated elements 

become closely packed in the centre of the growth, whilst 
proliferation and incomplete fibrillation continue at the 
circumference. The three zones above described, thna 
correspond with the three different stages of the growth: — 
the peripheral zone, which is continuous with the aur- 
roanding tissue, is the earliest stage, that of cell-prolife- 
ration ; the central zone represents the oldest portions of 
the growth, which have undergone retrogressive changes, 
whilst the intermediate and more fibrons zone is the most 
perfectly developed tissne. The blood-vessels, which only 
exist in the zone of proliferation, appear to become ob- 
literated in the process of development, and this proba- 
bly accounts for the rapid degeneration of the central 
portions of the growth. When the tumour is large, it 
may sometimes be seen during the period of its develop- 
ment, to be made up of several distinct smaller growths, 
each presenting at its drcumferenoe the more perfect 
cells, whilst its central parts are granular and amor* 
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Secondabt Changes. — ^The only secondary change to 
whicli the gnmmata are liable, is the gradual drying up 
of the growth, and its transformation into a firm and 
somewhat caseous mass. This change is characteristic of 
these tumours, and is one which they invariably undergo ; 
and upon it their peculiar physical characters depend. In 
some cases the process of absorption may be carried still 
further, and nearly the whole of the mass become absorbed, 
leaving merely the fibrous stroma in the form of a cicatrix. 
If the growth is situated in the submucous tissue, the 
mucous membrane may become destroyed, and an ulcer 
form. This is seen in the pharynx, soft palate, and other 
parts. 

Physical Characters, &c. — The physical characters of 
the gummata are such as will have been already inferred 
from the description of their structure. D uring the earliest 
stages of their development, when they but rarely come 
under observation, they are growths of a soft fibrous con- 
sistence. As usually met with, however, when their 
growth is more complete, they are firm yellowish white 
masses, having in many situations the appearance, on 
section, of a horse-chestnut. These are surrounded by a 
translucent fibrous-looking tissue, which often has some- 
what the appearance of a capsule. They vary considerably 
in size, and from their mode of growth, are associated in 
such a way with the surrounding structures that their 
limits are very imperfectly defined, and their complete 
enucleation is impossible. 

The gummata are the new formations most charac- 
teristic of syphilis, and their distribution is almost co- 
extensive with that of syphilitic lesions. They are met 
with in the skin and subcutaneous cellular tissue, in the 
submucous tissue, in inter-muscular septa and fibrous 
membranes, in bones, and in the connective tissue of 
organs — especially of the liver, brain, testicle, and kidney. 
Some forms of periosteal node, the deep ulcerating growths 
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in the pHarynz, soft palate, tongne, larynx, and in other 
parts, are all examples of the same formation.* 

The simple fibrous growths, as already stated, often 
snbseqnently become gnmmy tumours : this is seen in the 
growths beneath the periosteum (nodes), in the liver, and 
in other parts. 

Clinical Ohabactbks. — ^The existence of gummy tumours 
must be regarded as the strongest evidence of the existence 
of constitutional syphilis, especially if they are multiple, 
and generally distributed. These growths do not possess 
the property of reproducing themselves in other parts, 
they are therefore, clinically, innocent. 

* These trae gummy ulcerations must be distinguislied from the 
Mvper^ckU ulcerations resulting from hyperplasia of the lymphatic 
structures, which also occur in syphilis. 



CHAPTER XV. 

THE MYXOMATA. 

The myxomata are tmnoiirs consisting of mucous tissue. 
Mucous tissue is a translucent and succulent connective 
tissue, the intercellular substance of wluch yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one — ^in the vitreous humour of the eye 
in which the cells are roundish and isolated, the other — ^in 
the umbilical cord, in which the cells are fusiform or 
stellate and give off fine trabeculsB which anastomose with 
one another. In both, the intercellular substance is 
homogeneous and yields mucin. The connective tissues 
generally in their embryonic condition, as already stated 
when describing * mucoid degeneration,* possess an inter- 
cellular substance containing large quantities of mucin. 
New formations may undergo a mucoid change, and thus 
closely resemble in their physical and chemical characters, 
the myxomas. A myxoma, however, is a growth which 
from its commencement consists of mucous tissue. The 
myxomata are thus very closely allied to the sarcomata, 
and by many are included in the same class of new forma* 
tions. 

Structukb. — The cells present the two varieties met 
with in the physiological tissues. The majority are an- 
gular and stellate, with long anastomosing prolongations 
and trabeculsB. (Fig. 26.) Others are isolated, and fusiform, 
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<r spherical in shape. They nsaallj posBesB one, in 
^asea two distinct nnclei. Their contour is very in- 
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Mfxoma. x SOO. (BindfiBtsch.) 

distinct, owing to the refractiiig natnre of the intercelliilar 
snbatKiice. The latter is veijabnndanl, perfectly homogene- 
oas, of a soft gelatinifonn cousiBt«iice, and yields large 
quantities of mucin : amongst it are a varying number 
of amoeboid cells. The blood-vessels, which are not 
nnmerons, are readily viaible and easily isolated. A few 
elastic fibres are sometimes seen between the c«11h. 

DBTELOPiiBNT.^The myromata always originate from 
one of the connective tiseoes. Adipose tissue is their most 
&Toarite seat — either the snbcntaneuiiB, the sabmncons, 
or the inter-mnsoalar adipose tissue. They also grow &om 
the meddllary tisane of bone, the connective tisane of 
organs, and from the connective tissue of the brain, spinal 
cord, and nerves. They are nanslly separated from the 
snironnding etmctarea by a fibrons capsule, although 
they sometimes increase by the continnons invasion of 
their matrix. Their growth is UBoally slow, bnt they may 
attain an enormous size. 

Sbcohdabt Changes. — Of these the most conunon is 
mptare of the capillaries, hemorrhage, and the formation 
of sanguineous cysts : thisi however, is less freqnent than 



126 NUTEinON INCRE^ED. 

in the sarcomata. The cells themselves may undergo 
mncoid or fatty degeneration, and thus be destroyed: 
this is nsnally accompanied by liquefaction of the inter- 
cellnlar substance. 

Yabibties. — ^The varieties of myxoma depend princi- 
pally upon its combination with other growths. The most 
common is a combination with lipoma — ^adipose tissue 
being the tissue from which it most frequently originates. 
Combinations with sarcoma and enchondroma, are also 
frequently met with. 

Physical Oharactbks, &c. — ^The myxomata are of a 
peculiar soft gelatiniform consistence, and of a pale 
greyish or reddish-white colour. On scraping the cut 
surface, they yield a tenacious mucilaginous liquid, in 
which may be seen the cellular elements of the growth. 
They are most frequently met with in the later periods of 
life. Their most common seats are those of adipose 
and nervous tissue. They may also grow from the pla- 
centa, constituting the so-called " hydatiform degenera- 
tion." When situated in superficial parts they may 
become pedunculated. In the submucous tissue of the 
nose, they constitute one form of nasal polypus. 

Clinical Chaeactees.— Clinically the myxomata are for 
the most part benign growths. If completely removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters, recurring both locally and in in- 
ternal organs. Probably in many cases these malignant 
characters are owing to the combination of the myxoma 
with some other growth. 



CHAPTER XVI. 

THE UPOMATA. 

A general new formation of adipose tissue constituting 
obesity, has already been descnbed under ' fatty infiltra- 
tion." A localized and drcnmscnbed fonnation, conetd- 
ttttes a, lipoma or fatty tnmoar 

SiancTUftB. — The lipomata resemble m their atructnre 
adipose tisane. (Fig. 27.) They consiatof cells containing 
fat, and a Tariahle quantity 
of common connective tis- 
ane. Th« cells, like those of 
adipose tissue, though asn- 
ally somewhat larger — are 
more or less round, or poly- 
gonal in shape, and are dis* 
tended with fluid fat. The 
Duclens and protoplasm are 
so compressed against the 
ceU-waU by the fluid con- 
tente, that although their cryBtalhzad fatij wide, x aw. 
existence may always be 

demonstrated by treatment with reagents, they are nanally 
only readily visible when the cell is atrophied and contains 
less &t. {See Fig. 2a). The connective tissue, which 
varies in amount, nnites the cells in maaaea or lobules of 
varions sizes, and also in most cases, forms a capsule 
around the tnmour. Blood-vessels are distributed in the 
fibrous septa. 
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Development. — The lipomata grow from adipose, or 
from common connective tisane. Adipose tissue, it mnst 
be remembered, is merely connective tissue containing nu- 
merous cells which are infiltrated with fat ; and its growth 
consists, either in the infiltration of more of these cells, 
or in a proliferation of the cells, and an accumulation of 
fat in those newly developed. A lipoma in the same way 
originates by a localized proliferation of cells, which as 
they are produced become infiltrated with fat. The growth 
of these tumours is always very slow, and they are usually 
encapsuled by a layer of fibrous tissue. 

Secgndabt Changes.— Secondary changes in the lipo- 
mata are not common, — their fibrous septa may, however, 
become calcified, or even ossified, and the fatty tissue 
nndergo a process of liquefaction. Softening may also 
occur from a mucoid change. Sometimes they become the 
seat of an inflammatory process, then when situated in 
the subcutaneous tissue, the skin over them becomes ad- 
herent and ulcerates, and a fungating mass is the result. 

Physical Chabacteks, &c. — ^The situation of the lipo- 
mata is almost co-extensive with that of adipose and con- 
nective tissue. They occnr most frequently, however, in 
those parts in which fat is normally met with, as in the 
subcutaneous tissue, the inter-mnscular septa, and in the 
connective tissue of glands. They also occur in the sub- 
synovial tissue, and in the sub-mucous tissue of the 
stomach and intestines. They sometimes attain an 
enormous size. They are lobulated, and are usually sur- 
rounded by a fibrous capsule which separates them from 
the adjacent structures. On section they present the 
ordinary appearance of adipose tissue. Their consistence 
varies with the amount of fibrous tissue which they contain. 
They are usually single, though not unfrequently multiple. 
In their growth they sometimes become pedunculated. 

Clinical Chaeactsrs. — Clinically, the lipomata are 
perfectly innocent. 



CHAPTER XVII. 

THE ENCHONDROMATA, 

The Enchondromata are tnmoars histolc^allf resembling 
cartilage. 

Stkucttjbe. — Like cartilage tbej consist of cells and 
an intercellular substance, mhicb present bU the varia- 
tions obserred in the normal tisane. (Fig. 28.) The in- 
tercellular sabstanoe may be hja- pjg ^g, 
line, faintly or distinctlj fibrona, 
or mncoid. When fibrous, tbe 
fibres may be arranged like those 
of fibrons-cartilage, or more or less 
concentrically aroand the cells as , , 
in the reticular eariiili^tea of the 
earandlaryni. The ceUs may be *'«*™''™™- - =•"■ 
very nnmerons, or few in proportion to the matrix. They 
are ronnd, oval, spindle-shaped or stellate. In the hyaline 
forms they are nsoally large and round or oval ; in the 
fibrona forms they are often smaller and spindle-shapedi 
more resembhng those of connective tissae ; and in the 
mucoid forms, they are more commonly stellate and 
branched, like those of the ombihcal cord. They are 
either single or arranged in groups, and are usnally sur- 
rounded by a fibrona capsule, though this is often vety 
indistinct. They enclose one or more nuclei and slightly 
granular contents ; sometimes a cell-wall cannot be dis- 
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tingnished. In addition to the intercellnlar Bnbstanoe, 
the growth is nsnally divided into several lobes, by bands 
of fibrous tissue ; these lobes are often very distinct, so 
that the growth appears to be made np of several 
separate tumours. The fibrous tissue in most cases also 
encapsules the growth and separates it from the sur- 
rounding structures. The vessels, which are often very 
numerous, are distributed in the fibrous^ septa. 

Development. — The enchondromata most frequently 
originate from bone and common connective tissue, very 
rarely from cartilage. Cartilage itself, and especially 
fibrous-cartilage, is very closely allied to connective 
tissue ; it is developed from connective tissue, and never 
from cartilage or bone. It grows from the deeper layers 
of the perichondrium, which proliferate and form an 
embryonic tissue ; the young cells become cartilage-cells, 
and these probably form the matrix, which is either 
homogeneous or fibrillated, constituting in the one case 
hyaline, and in the other fibrous cartilage. The develop- 
ment of enchondroma from connective tissue is precisely 
similar to the physiological process. 

In the development of enchondroma from osseous 
tissue, the medulla is the source of the new gi'owth. 
This proliferates, the osseous trabeculae are absorbed, the 
neighbouring medullary spaces open one into the other, 
and in this manner a large- medullary cavity is pro- 
duced. In the centre of this, the young cells first formed, 
enlarge and become separated by a homogeneous, or less 
frequently, slightly fibrillated, intercellular substance, 
and thus is produced a mass of caitilage in the centre of 
the medullary tissue. This gradually increases till ul- 
timately a layer of fibrous tissue is formed around it, 
and its further growth takes place from the tissue of its 
oapsule. 

Lastly, cartilaginous grawths may originate from carti- 
lage itself. These are seen on the surface of the articular 
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cartilages in chronic rheumatism, and sometimes on the 
costal and intervertebral cartilages. They are simply local 
outgrowths from pre-existing cartilage. They rarely 
attain a large size, and in structure and physical charac- 
ters, more closely resemble normal cartilage than the 
other forms of enchondroma. They are often described 
as enchondroses. 

Secondaky Changes. — Of these, calcification is perhaps 
the most common. It affects different parts of the growth, 
commencing in the capsules, and then involving the in- 
tercellular substance. Ossification also frequently occurs; 
it commences at separate centres, and spiculaa of bone are 
formed, which traverse the tumour in various directions. 
!Fatty degeneration and mucoid softening are common 
changes, and may lead to the formation of large softened 
masses which present the appearance of cysts. In rare 
cases the skin covering the tumour ulcerates, and a fun- 
gating mass protrudes. 

Varieties. — The varieties of enchondroma depend upon 
the nature of the intercellular substance. There are thus 
hyaline, fibrous, and mucoid enchondromata ; these, how- 
ever, are usually combined in various degrees in the same 
tumour. As a rule, those originating from the medulla 
of bone, are of the hyaline and mucoid class, whilst those 
originating from connective tissue in other situations, are 
more frequently fibrous. The rapidly growing fibrous 
forms approach very closely the confines of the sarcomata, 
the mucoid forms the confines of the myxomata: and 
these varieties often appear to be associated in the same 
tumour. Enchondroma is sometimes associated with 
encephaloid cancer, especially in the testicle. 

A variety of enchondroma has been described under the 
name of oateo-chondrorria, which in structure more closely 
resembles bone than cartilage. It consists of a tissue 
similar to that met with between the periosteum and 
bone in rickets, which from its resemblance to osseous 

K 2 
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lias been called osteoid tissue. This tissue only required 
calcifying to become true bone. Like bone it is made up 
of trabeculae and medullary spaces, but the trabeculae, in-» 
stead of bone-corpuscles and lamellsB, consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which m part is calcified. The medullary 
spaces contain a fibrous stroma and many blood-vessels. 
The osteo-chondromata, although consisting mainly of 
this osteoid tissue, contain also a small proportion of 
cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growth is very rapid, and they often attain an enormous 
size. 

Physical Chabacteks, &c. — The enchondromata occuf 
most frequently in early life. About three- fourths of them 
are met with in the osseous system, where they grow either 
from the medulla or from the periosteum : their favourite 
seat is the extremities of the fingers and toes. The remain- 
ing fourth occur most frequently in the parotid gland and 
in the testicle. They occasionally grow in the subcutaneous 
cellular tissue of the mammas and lungs. They are 
usually single except when occurring on the fingers and 
toes, in which situations they are more frequently multiple. 
They consist of a single tumour, or of several smaller 
tumours held together by fibrous tissue. Their consis- 
tence is softer than that of cartilage, sometimes it 
approaches that of a soft jelly. Their growth is usually 
slow, though in the softer forms and in those growing 
in the medulla of bone, it is often very rapid. They may 
attain an enormous size. 

Clinical Characters. — The enchondromata must for 
the most part be regarded as innocent growths. Those 
homologous forms which originate from cartilage, and have 
been called " Enchondroses," differ in all respects from 
the heterologous, and never exhibit malignant characters^ 
The more heterologous forms originating from connective 
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tissue and bone, are nsnally encapsnled, and in most cases 
produce merely local effects, although these, from the parts 
involved and the rapidity of growth, are often very in- 
jurious. The softer forms however, and especially those 
which occur in the medulla of bone, sometimes exhibit 
malignant characters. These grow the most rapidly, and 
are often not limited by a fibrous capsule ; they may there- 
fore recur locally after removal. In some cases they have 
also infected the lymphatic glands, and recurred in the 
lungs. 



CHAPTER XVIIL 

THE OSTEOMATA. 

The Osteomata or osseons tumoars are tnmours consisting 
of osseons tissue. A new formation of bone occurs nnder 
various circumstances. Irritative conditions of the bone 
and periosteum are often attended by a large formation 
of new bone. This is seen after fractures, in which there 
is not only a formation of bone from the bone itself, but 
also from the periosteum and adjacent fibrous structures 
(permanent and provisional caUus). Chronic inflammation 
of the periosteum, is also frequently followed by thickening 
of the bone beneath it. These, however, are inflammatory 
formations, and have not an independent growth like the 
osseous tumours. 

Structubb. — Osseous tumours in structure resemble 
normal bone. There are three varieties : — 

1. The Fhumated Osteomata, — ^These consist of dense, 
compact, osseous tissue. The lamellaa are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. The Compact Osteomata. — These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haversian 
canals and canahculi, which is less regular than in normal 
bone. 
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3. The Gancdlous Osteomata. — These consist of caneel* 
Ions osseous tissue. The medullary spaces may contain 
embryonic tissue, a fibriUated tissue, or fat. 

Detelofkent. — Osseous tumours like normal bone, o«n 
originate only from cartilage or from connectiTe tissue. 
In both cases the process is precisely similar to that of 
physiological ossification. 

Yabieties. — ^The osteomata are divisible into two classes, 
according to their seat, — the homologous osteomata, or 
exostoses, and the heterologous osteomata, or osteophytes. 

The homohgotLS osteomata or exostoses, are outgrowth 
from pre-existing bone, growing either from the periosteum, 
from the articular cartilage, or from the medulla. Those 
growing from the periosteum occur most frequently on the 
external and internal surfaces of the skull ; the orbit is an 
especially favourite seat, and here they are often dense 
and ebumated. They are also common on the upper and 
lower jaws, and in this situation they may grow from the 
dental periosteum. There is usually a line of demarcation 
between them and the subjacent bone, the new tissue of 
the tumour being distinct from the compact tissue of 
the bone. The periosteum from which they grow covers 
them, and is continuous with that of the old bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses — 
or more properly, en^ostoses — are the least frequent : 
they originate in the medullary tissue. 

The heterologous osteomata or osteophytes, originate 
apart from bone, growing from the connective tissue, or 
from cartilage. They are much less common than the 
homologous growths, and must in most cases be regarded 
rather as inflammatory formations than as tumours. 
Such formations of bone are met with in tendons, in the 
cartilages of the larynx in chronic laryngitis, in the 
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broncH, in articular synovial membranes, in mnscle, in 
tbe arachnoid and pia mater, and occasionally in the 
lungs and brain. They must be distinguished froni 
calcareous deposits, in which there is no new formation. 
(See " Calcareous Degeneration.") 

Clinical Characters. — The osteomata are perfectly 
innocent tumours. Their growth is very slow, although 
they sometimes attain a considerable size. They are often 
hereditary and multiple, in which case they usually occur 
in early life. Those osseous growths which sometimes 
exhibit malignant characters, are sarcomata, enchondro- 
mata, or cancers which have undergone partial ossification. 
From these, true osteomata must be carefully distin- 
guished. 



CHAPTER XIX. 

THE LYMPHOMATA. 

The Lymphomata are new formations, consisting of lym- 
phatic, or, as it is more commonly called, adenoid tissue. 
Adenoid tissue is the tissue composing the follicles of the 
lymphatic glands, and the Malpighian corpuscles of the 
spleen, and existing in many other organs belonging to 
the lymphatic system. This tissue is now known to have 
a much more general distribution than was formerly sup- 
posed ; it not only constitutes the follicles of the lymphatic 
glands, and the Malpighian corpuscles of the spleen, but 
also Peyer's glands, and the solitary glands of the intes- 
tine, the follicles of the pharynx and tonsils, the Thymus 
gland, and the trachoma glands of the conjunctiva. 
Recently it has also been found to exist around the blood- 
vessels of the pia mater and of other parts, in the peri- 
bronchial connective tissue, in the pleura immediately 
beneath its epithelium, in the peritoneum, in the mucous 
membrane of the alimentary canal, and in the medulla of 
bone. 

Structure. — ^Adenoid tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type, not only of 
the physiological tissue, but also of the pathological 
growths. 

This tissue consists essentially of a delicate reticulum^ 
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within the meshes of which are contained lymphatic cells 
—the so-called lymph-corpnscles. The reticulnm is made 

Fig. 29. ^P ^^ ^^^ ^® fibrils, which form a 

close net-work, the meshes of which 
are only sufficiently large to enclose a 
few, or even a single corpuscle, in each. 
(Pig. 29.) The fibrils usually present a 
more or less homogeneous appearance, 
and amongst them there are a few scat- 

^Ama« 71,^ Aom *«^ °^<5lei 
Lung, in a case of The lymphatic cells, or lymph-cor- 
x*4oS!^ ^^^' pusdes, which constitute the greatest 

part of the tissue, can in most cases be 
readily isolated from the meshes of the reticulum. They 
are identical in their characters with the white corpuscles 
of the blood, and like these are contractile, and possess 
the power of spontaneous movement. As- usually seen 
after death, they are spheroidal, pale, semi-transparent 
bodies, varying considerably in size, and also presenting 
slight differences in their structure. Some are granular, 
and appear to possess no nucleus ; in others, a distinct, 
simple, or compound nucleus is visible, which is usually 
also granular ; others again are much larger, and contain 
two or even three nuclei. (See Pig. 31.) 

Development.— The lymphomata originate for the most 
part from adenoid tissue, being simply overgrowths of 
pre-existing lymphatic structures. At the same time it 
is probable that the new elements are in some cases partly 
derived from migrated blood-corpuscles, which multiply 
subsequently to their escape from the vessels. (See 
" LeuksBmia.") These growths are therefore usually 
homologous. They may, however, be in a certain sense 
heterologous, either owing to the new tissue extending 
considerably beyond the confines of the old, or to its 
growth in situations where, it is normally almost entirely 
wanting. Whether they are ever heterologous in the 
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strict sense of that term, originating from any other than 
lymphatic tissue, appears to be extremely donbtfol. 

Vabieties.— The lymphomata include the three follow- 
ing varieties : — simple lymphoma, leukcemia, and tuherde. 
Each of these must be considered separately. 

SIMPLE LTMPHOMA. 

A simple non-inflammatory enlargement of a lymphatic 
gland, not resulting from any obvious irritation, under- 
going no retrogressive changes, and like a tumour having 
a tendency continually to increase, may be called a simple 
lymphoma. 

The enlargement is owing to a hyperplasia of the ele- 
ments of the gland — a hyperplasia which is characterized 
by its chronicity, and tendency to continue. The newly- 
formed elements undergo no retrogressive changes, and 
hence the size of the gland becomes permanently increased. 
The lymph-corpuscles throughout the gland increase in 
number, many of them at the same time increase in size, 
and the larger cells often contain several nuclei. Whether 
the migration of blood-corpuscles takes any part in the 
process, is unknown. If this general hyperplasia is rapid, 
the gland becomes soft and pulpy in consistence, and the 
cortical and medullary portions are no longer distinguish- 
able. As the growth continues, there is usually at the 
same time an increase in the stroma of the gland, the 
trabeculsB and capsule become denser and more fibrous, so 
that ultimately the consistence of the enlarged gland may 
be firmer than natural. The slower and more chronic the 
growth, the greater is the increase in the fibrous struc- 
tures. 

Sometimes the enlargement of the glands appears in 
the first place to be of an inflammatory nature, and to 
result from some irritation, but upon this being removed, 
the glands instead of subsiding continue to increase. In 
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most cases, however, no such source of irritation is 
discoverable. 

The glands which are especially prone to this disease, 
are the cervical, the submaxillary, the axillary, the in- 
guinal, the bronchial, and the abdominal glands. Usually 
only a single gland or a single group of glands is affected ; 
sometimes, however, the growth is more general. As 
the glands enlarge, they gradually unite, so that ultimately 
they may form very large lobulated tumours. If these 
are situated in the thorax, they may by their pressure 
cause death. 

The lymphatic structures in the intestine may in the 
same way become enlarged, and project so as to form 
polypi. The enlargement of the spleen in ague, is also 
probably of the same nature. 

LEUILffiMIA. 

LeuksBmia is a disease characterized by a permanent and 
continuous increase in the number of the white corpuscles 
in the blood, whicb increase is associated with a new forma- 
tion of lymphatic tissue in the spleen, in the lymphatic 
glands, and sometimes in other organs. Eespecting the 
relation which subsists between the new growth of 
lymphatic tissue and the increase in the number of the 
white blood-corpuscles — it is probable, as stated by 
yirchow, that the former is a cause of the latter, and that 
the increase is paHly due to a larger number of lym- 
phatic elements entering the blood than in health. At 
the same time this cannot be admitted to be the only 
cause of the increase, as new growths of lymphatic tissue 
may take place in these organs without the production 
of any leukaamia. It is probable that the power of the 
white blood-corpuscles and lymph-corpuscles to form red 
corpuscles is diminished. Possibly also, the white cor- 
puscles may increase by multiplication in the blood. 
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The new formation of lymphatic tissue is in the first 
place hyperplastic, taking place in the spleen aild in the 
lymphatic glands ; subsequently, however, it may become 
heteroplastic, and the liver, the kidneys, the lungs, and 
other organs, may become infiltrated with lymphatic 
elements. The growth is a continuous one ; the new 
elements many of them enter the blood, the remainder, 
not undergoing any retrogressive changes, give rise to an 
increase in the size of the organs in which they are gene- 
rated. 

The new growth may commence in the spleen or in the 
lymphatic glands. In most cases the spleen alone is 
involved. Sometimes the growth in the spleen is asso- 
ciated with a similar one in the lymphatic glands. In 
rare cases, the lymphatic glands are the sole seats of the 
hyperplastic process. 

In the spleen — which must thus be regarded as the most 
important organ in the production of leuksBmia — ^the first 
stage in the process is one of hyperasmia. The organ 
becomes exceedingly vascular, and the cells both of the 
pulp and of the Malpighian corpuscles, increase in number. 
The process, however, soon becomes principally limited to 
the Malpighian corpuscles. In these, the cells continue 
to multiply rapidly, many new blood-vessels are formed, 
and the corpuscles thus increase in size. They sometimes 
attain the size of a hazel-nat, and are seen as firm whitish 
nodules of an irregular shape, scattered through the 
much enlarged and vascular organ. As the Malpighian 
corpuscles increase in size, the surrounding pulp gradually 
atrophies, and often becomes deeply pigmented. The 
trabeculae at the same time become thicker and more 
fibrous. The organ thus becomes firmer in consistence, 
and the enlarged Malpighian corpuscles make up the 
chief part of its bulk. The capsule also becomes thickened 
and forms adhesions with the surrounding viscera. 

In the lymphatic glands the process is precisely similar 
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to that in the spleen, the follicles of the gland being the 
chief seats of the hyperplasia. The glands become en- 
larged, soft, and vascular. 

In coarse of time the disease may become hetei'oplastie, 
and a large formation of lymphatic tissue take place in 
organs in which normally it is almost entirely wanting. 
This heteroplastic tissue consists for the most part of 
white blood-corpuscles, which have migrated from the 
enlarged and dilated vessels, and have infiltrated the sur- 
rounding structures : it must, therefore, be regarded as an 
infiltration rather than as a true new formation. It is 
probable, however, that it partly originates either from 
the connective tissue of the organ, or from the peri- 
vascular adenoid tissue. 

The organ which is the most frequent seat of the hete- 
roplastic growth, is the liver. Here, the vessels throughout 
the organ become enlarged and distended with , white 
blood, and the infiltration commencing in the inter-lobular 
tissue, gradually extends into the lobules themselves. 
This is in most cases attended by an increase in the size 
of the hepatic cells. The liver thus becomes considerably 
enlarged, the lobules are large and distinct, and are in 
many parts seen to be separated by a greyish-white sub- 
stance, which is the new lymphatic tissue. As the infil- 
tration extends the lobules become compressed and 
atrophy, and the new tissue is seen as greyish- white 
masses scattered through the substance of the organ. 
Associated with this infiltration there is often a formation 
of small round nodules, closely resembling miliary tu- 
bercle, from which they are distinguished, however, by 
the absence of any degenerative changes. 

In the kidney, which is also frequently affected, the 
change is similar to that in the liver. Here also it con- 
sists for the most part in an infiltration, with which may 
be associated the formation of roundish nodules and 
masses. Other organs are much less frequently involved 
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•*>tbe lungs, pleursB, stomach, intestines, and heart, may 
all however, become the seats of the heteroplastic forma- 
tions. 

Ltkfhadekoma. — Closely allied to Leuksemia is the 
disease now generally known as lympliadenmna. This 
disease was formerly described by Hodgkin, Bright, Wilks, 
and Trousseau ; and was called after the first-named of 
these observers, "Hodgkin's Disease." Trousseau de- 
signated it " Ad^nie." Recently its characteristics have 
been more fully determined by MM. Comil and Ranvier, 
and by Drs. Murchison* and Sanderson, to whose de- 
scriptions the reader is referred for more complete infor- 
mation respecting it. 

The disease consists in a hyperplasia of the lymphatic 
glands and of other lymphatic structures, together with a 
large formation of lymphatic tissue in various organs. 
Histologically, the new growths are precisely similar to 
those of leukasmia. The disease differs essentially, how- 
ever, from leukaamia in this respect, that the new forma- 
tion of lymphatic tissue is not associated with any increase 
in the number of the white corpuscles in the blood. 

The lymphatic glands are usually the earliest seats of 
the new growth. At first it may be limited to a single 
group of glands ; the process, however, soon becomes more 
general, and the glands throughout the body become in- 
volved. They increase rapidly in size, so as to form large 
tumours, which are of a soft brain-hke consistence. The 
Malpighian corpuscles of the spleen, as in leukaemia, also 
become enlarged and form greyish-white nodules and 
masses. Associated with these hyperplasias of the lym- 
phatic structures, there is a large formation of lymphatic 
tissue in various organs: — the liver, kidneys, lungs, 
stomach, muscle, bones, and subcutaneous tissue may all 



* ^* Trans. Path. Soc Loud.," vols. xz. and xxL 
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become the seats of the new growth. This either occurs 
as an infiltration, which in its distribution and physical 
characters is similar to that described as occurring in 
leukasmia; or as small nodules scattered through the 
substance of the organs. The heteroplastic growth ap- 
pears to originate principally in the peri-vascular tissue : 
in the lungs, its chief seat is the tissue surrounding the 
minute bronchi. The migration of blood-corpusdes pro- 
bably does not play such a;^ important part in its produc- 
tion as it does in that of the leukaBmic growths. The new 
tissue has but little tendency to undergo retrogressive 
changes, and it thus differs essentially from tubercle. 

TUBERCLE. 

The remaining variety of lymphoma — tuherde, will be 
considered in the following chapter. 



CHAPTER XX, 

TUBEECLE * 

The term " tubercle" was formerly applied indiscrimi- 
nately to all pathological products which had undergone 
caseous degeneration, and which in their colour and con- 
sistence somewhat resembled soft cheese. Caseation, 
however, as already stated, occurs not only in tubercle, 
but is a common result of the retrograde metamor- 
phosis of many growths, which are destitute of or contain 
but few blood-vessels, and which consist of closely crowded 
cellular elements. (See " Caseation.") This change is in- 
deed more characteristic of epithelial accumulations 
within the pulmonary lobules (catarrhal pneumonia), and 
of many growths in the lymphatic glands, and in osseous 
structures, than it is of tubercle itself. 

The definition of "tubercle" has been rendered more 
precise by Virchow, who not only pointed out that all 
caseous masses were not tubercidar, but established 
tubercle as a definite pathological growth, which, in its 
early stage, invariably consists of the greyish translucent 
nodule, known as the grey gramdation or milia/ry tuberde ; 
and to this the application of the term " tubercle" must 
be carefully restricted. 



* It probably would have been more correct to have described 
tubercle amongst the inflammatory new formations. (See "Etio- 
logy.") 
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The gray grannlation or miliary tnbercle is a greyiBh- 

white, translucent, non-vaBcular body, of firm consiatenee. 
Uld well-defined sphericaJ outline, and usually of about 
tbeeize of anillet-aeed. AltKoagli inita earliest stage it is 
naiformlj translucent, ita central portions quickly become 
opaque and yellowish, owing to the retrograde metamor- 
phosia of its component elements. (Fig. 30.) These 
miliary tubercles are either isolated or grouped together 
into irregular masaea. In the latt«r case, they aie less 
distinct, and appear to be mora or lees conflaent. Both 



A lHliary Tbirrele idtagramtBaHc\ SbawlDK 
Uie degeneratiau of Um demeDlB in the centre 
of the gnuiulatiuD. 

the isolated tnberclea and the larger maaees are fraqnently 
Burrenuded by a zone of hyperemia, or of pigment. 

STniicTDRK. — In structure, tubercle, like the other lym- 
phomata, consists of lymphatic cells contained in the 
meHhea of a very delicate raticnlum. The cells are most 
of them round, or roundly -oval, colonrlesa, transparent 
and slightly granular bodies, mnch resembling lymph- 
corpnacles, and, like these, varying considerably in size: 
many of them contain a small, distinct nncleus. In ad- 
dition to these thera are a lew larger cells, containing two 
or even thrae nuclei. (Fig.31.) The nucleated cells are ex- 
ceedingly destructible, so that often more free nuclei than 
colls are visible. The network within which these ele- 
ments are enclosed, cousista either of very delicate fibres, 
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or of a more homogeneous transparent-looking tissne. In 
most cases it is so delicate, tHat it can only with diffi- 
culty be recognised, and the tubercle appears to consist 
almost entirely of closely crowded cells. Sometimes, 
however, it is more marked, and the granulation is then 
of a tough and more fibrous consistence. 

Fio. 31. 

CeUsfrom a MiUary Tubercle, x 400. 

The granulation blends insensibly at its margins with 
the surrounding tissue. The cells in the external portions 
of the growth are more perfect than those in the centre, 
where, owing to the rapid retrograde metamorphosis 
which takes place, nothing is seen but a fine granular 
debris. (See Fig. 30.) Tubercle is essentially a non-vas- 
cular growth ; in those masses, however, formed by the 
agglomeration of separate granulations, vessels are fre- 
quently met with. These do not belong to the tubercle, 
but are those of the part in which it is situated. 

Development. — ^Tubercle appears invariably to origi- 
nate from tissues belonging to the lymphatic system. 
The tissue which surrounds the small arteries in many 
situations, constituting the lymphatic sheaths, is that 
from which it most frequently springs. The small cells 
in this situation multiply at separate centres, and thus 
are produced numerous miliary nodules around the 
vessel, which, as they develope, gradually compress, and 
may ultimately completely occlude it. This occlusion of the 
small vessels by the tubercular growth is very characte- 
ristic :— it is well exemplified in the pia mater. (See ** Tu- 
bercle in the Pia Mater.") Tubercle may, in the same 
way, originate from adenoid tissue in other situations— 
from that constituting the follicles of the spleen an4 

l2 
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Ljlnphatic glasde, from that which eiiHtg in the InngB in 
the neighbourhood of the minute hronahi, from the smali 
oollectioiLa of it bensBith the epitheliam of the plenra and 
peritoneum, and from that beneath the macona membrane 
of the alimentary canal. Id other cases, the tnberule ori^- 
nates from cells eitnated within the Ijmphatic Teseels. 
Manj of the tnbercolar granulations which occnr in the 
pleura and peritoneom, are simply ovei^pxtwths of minute 




A UUian/ y\il>trc!eo/llie Oounluin. x IDO. (BiudBeiBch.) 

nodnles of adenoid tissne which normally exist in these 
situations. (Fig. 32.) When tnbercle originates from the 
adenoid tissue sarroonding the blood-TeHsels, and from 
that in the spleen and Ijrmphaticglands, and in other sitna- 
tions where it exists in a diffuse form, the cell-prohfe- 
ration takes place at several separate ceotres, eo that 
nnmerone grannlations are prodaced which may ulti- 
mately become mon or less confluent at their margins, 
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and so form larger masses. Such being tlie mode of de- 
relopment, it is evident that the tubercles are struc- 
turally inseparable from the tissue in which they grow, 
the centre of the granulation being surrounded by a zonft 
of proliferating tissue. 

SzcoNDART Changes. — ^Tubercle invariaibly undergoes 
a retrogressive change, its elements being essentially un* 
stable in their nature, are the seat of an early and 
rapid decay. This change commences in the centre of 
the granulations, and consists in the atrophy and incom- 
plete fatty metamorphosis of the closely-crowded cellular 
elements, constituting what has been already described 
as ccisecUion, The granulations — translucent and grey 
in their early stage — ^thus become opaque and yellowish, 
and the greater the amount of fat the more yellow is the 
colour. Tubercle in this caseous condition was formerly 
regarded as a distinct variety, and was described under 
the name of ** yellow tubercle." This, however, it must 
be borne in mind, is in aU cases merely an advanced stage 
of the grey granulation. It is when this retrograde pro- 
cess has just commenced, and the tubercular nodule pre- 
sents a greyish-white translucent margin, and a yellowish 
opaque centre, that it exhibits its most characteristic and 
distinctive features. 

The caseous tubercle may subsequently soften, or gra- 
dually dry up into a firm cheesy mass, which may ulti- 
mately become calcified. Softening is much the moat 
frequent result of the retrograde change. The caseoos 
matter undergoes a process of liquefaction and becomes 
converted into a curd-like puriform liquid. If the growth 
is situated in a mucous membrane, the softened matters 
are eliminated and an ulcer is formed; if in the paren- 
chyma of organs, as in the lungs or lymphatic glands, a 
pseudo- abscess results. 

If the softened matters cannot be eliminated, the more 
fiuid portions are absorbed and it gradually dries up into 
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Villemin, Wilson Fox, Burdon-Sanderson, Colinheiin, and 
others, tend greatly to support this view of its inflam- 
matory nature. These results show that disseminated 
lesions, many of which are precisely similar to miliary 
tubercle as met with in man, may be produced either by 
the inoculation of various infective materials, or by the 
production of a local inflammatory induration ; and that 
the disseminated growths result from the distribution of 
substances from the local source of infection by means of 
the blood-vessels and lymphatics. These cases of arti- 
ficial tuberculosis, however, differ from the natural disease 
in this respect — that most of the disseminated lesions in 
the lungs and in other solid organs are not miliary 
tubercles, but consist of nodular and diffuse inflammatory 
growths, which, like the tubercle, quickly become caseous ; 
whereas in the disease as it occurs in man, such inflam- 
matory growths are usually almost entirely wanting. 
Notwithstanding this difference, there appears to be so 
close an analogy between the two conditions, that the 
infective nature' of the one must be regarded as a strong 
argument in favour of the infective nature of the other. 

Whilst therefore it is probable that acute miliary 
tuberculosis in most cases results from the distribution of 
infective materials from a local lesion, which is usually 
some pathological product which has become caseous — 
the question arises as to whether tubercle in a single 
organ or in a small portion of an organ, is owing to a 
similar cause. The tendency of evidence at the present 
day is to bring these localized tubercles also within the 
categor}*" of inflammatory growths. When occurring in 
the lungs, where they are most frequent, they rarely 
exist independently of caseous pneumonic products, and 
it would appear probable that their development here is 
usually secondary to the pneumonic process. (See " Pul- 
monary Phthisis.) In the lymphatic glands, again, the 
xlevelopment of tubercle is almost invariably a secondary 
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process, resalting from the transmission of infectire mate- 
rials from some primary lesion— as tubercle of tiM 
mesenteric glands following tubercle of the intestine. In 
other situations, however, as in the intestines, larynx, and 
bronchi, the development of tubercle is not always thus 
to be explained ; and although in these cases also, it is 
very frequently preceded and caused by some chronic 
irritation — as chronic intestinal or bronchial catarrh, the 
tubercle sometimes appears to be a primary and fion- 
inflammatory growth. 

Hereditary predisposition exercises a marked influence 
upon the development of tubercle. This predisposition, 
however, as stated by Niemeyer, probably consists more 
frequently in a tendency to chronic inflammations of 
certain organs, especially of the lungs, mucous membranes, 
and of lymphatic glands — ^than in a tendency to the deve- 
lopment of primary tubercle ; the localized or disseminated 
tubercular growths being secondary to, and resulting 
.from, the direct irritation, or infective properties of the 
inflammatory products. 

The organs in which tubercle is most frequently met 
with, arranged in the order of their frequency, are — the 
lungs, the intestines, the lymphatic glands, the larynx, 
serous membranes, the pia mater, the spleen, the kidneys, 
and the liver. In many of these tubercle rarely occurs 
independently of general tuberculosis, viz. — in the pia 
mater, in the liver, in the spleen, in the kidneys, and in 
serous membranes. 

TTJBEKCLE IK THE PIA MATES. 

In the pia mater the grQwth of tubercle is associated 
with inflammation of the meninges, constituting the 
disease known as tubercular meningitia. This is almost 
invariably a part of general tuberculosis. 

The tubercle is almost exdasively confined to the pia 
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mater at the baae of &e braio, and is nsnall; most abnn- 
daut in the Sylvian fissures. A few ecattered grannla- 
tioua are, kowever, fraquenttj visible on the upper surface 
of the hemispheres. The growth originates in the peri- 
Tasenlar sheathe which enclose the small arterieB of the 
pia mater. (Fig. 33.) The cells nithin the eheath mol- 
tiplj, and the process of proliferation commencing at lepa- 
Pia.83. 
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rate centres, numerons small greygTanalations are prodnced 
aroond the vessel. These, which are diatinctlj visible to 
the naked eye, canse an external bnlging of the sheath 
and a diminution in the calibre, or even complete oUita- 
ration of the enclosed vessel. 

The localized obstructions to the circulation which 
resnlt from the pressure uf the perivascular granulation s, 
eanse intense hypereemia of the collateral vessels, and 
tlkoa the pia mater at the base of the hnun becomes ex- 
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ceedingly Tascnlar; there being in some cases raptnreof the 
▼easels and ejEtravasation. This is followed by an inflam- 
matory process — a trae basic meningitis. A transudation 
of liqaor sanguinis takes place from the hjrpersBmic 
vessels, together with an escape of blood-corpuscles, and 
thus the meshes of the pia mat«r become infiltrated with 
a sero-fibrinous liquid, which in many parts has a puriform 
character. 

These changes in the pia mater at the base of the bnun 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral veatricles at the same time become 
distended with serosity (acute hydrocephalus), so that the 
convolutions on the surface of the hemispheres are seen 
to be much flattened. The epeudyma and choroid plexus 
also become exceedingly vascular, and the walll of the 
ventricles, together with the fornix and soft commissure 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the 
mechanical obstruction to the circulation caused by the 
tubercular growth. In addition, the arachnoid membrane 
is dry and sticky. 

TUBERCLE IN THE LYMPHATIC GLANDS. 

In the lymphatic glands, tubercle originates in the 
follicles of the gland ; and as its development is owing to 
the presence of infective materials conveyed by the lym- 
phatic vessels, the process usually commences in the 
follicles of the cortex. The process consists in the multif 
plication of the lymphatic elements, so that each tubercle 
is simply an enlarged Ij^mph-foUicle. The tubercles 
rapidly become caseous. They may increase so that the 
whole gland becomes involved, and is converted into a 
cheesy mass, which may soften, dry up, or calcify. 
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TUBERCLE IN MUCOUS MEMBRANES. 

In mnoous membranes the tnbercnlar growth leads to 
ulceration. The intestinal, the bronchial, the laryngeal, 
and the nrogenital macoas membranes are those in which 
it is most frequently met ^ith. 

The Intestine. — In the intestine, the tubercular process 
is very similar to that in the lymphatic glands. It com- 
mences here in the solitary and Peyer's glands, and as in 
typhoid fever, it is especially these structures in the lower 
part of the small intestine and in the caecum which are 
affected. 

The first stage in the process consists in a hyperplasia 
and subsequent caseation of the lymphatic elements. In 
the solitary glands, the tubercle is simply an overcrowding 
of the elements of the gland, which quickly becomes 
caseous in its centre. In Peyer*s patches, as in the lym- 
phatic glands, the hyperplastic process commences in 
isolated follicles in the patch, so that the tubercles are 
seen as opaque yellowish nodules scattered over its sur- 
face. The tubercular process thus presents in its earliest 
stages a marked contrast to the typhoid one. (See 
" Typhoid Fever.") 

The second stage in the process consists in the softening 
of the tubercle, and the formation of ai> ulcer. This, like 
the primary proliferation, commences in Peyer's patches 
at separate centres, and the ulcers extend at their 
margins, so that the whole patch may ultimately become 
involved. As the ulceration proceeds, the tubercular 
growth extends beyond the confines both of the follicles 
and patches, thus becoming in a certain sense, hetero- 
plastic. This heteroplastic proliferation proceeds con- 
tinuously at the margins and floor of the growth, whilst 
the ulceration is extending in the centre. It extends prin- 
cipally in the course of the blood-vessels, taking place in 
the perivascular tissue, and the growth may thus graduaUj 
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involve tHe whole drcomference of the intestine. It also 
extends deeply in the muscular coat, and may even reach 
the subserous tissue. The edges of the nicer are thns 
fchick and irregular, and the nodnles of new growth ore 
seen scattered in its floor. (Fig. 34.) 

Fig. 34. 




A Ikibercular Vlcer qfthe Intestine (diagrammatic), 
a. Epithelial lining, fr. Submucous tissue, 
c Muscular coat. d. Puritoneum. 

The process of ulceration takes place throughout the 
whole of the new growth, and it extends therefore beyond 
the confines of the follicles and patches, gradually 
implicating the whole circumference of the gut. The form 
of the ulcer thus contrasts strongly with that of typhoid, 
in which the ulceration rarely extends beyond the confines 
of the original patch. (See " Typhoid Fever.*') 

The tubercular ulcer rarely, if ever, heals. Its base be- 
comes thickened by the new growth in the mnscular and 
snbserous tissues, and the thickening of the latter, to- 
gether with that of the peritoneum itself, tends to prevent 
the occurrence of perforation. In the process of its ex- 
tension the ulceration is attended by some contraction 
and narrowing of the gut. 



TUBERCLE IN THE LUNGS. 

Tubercle occurs in the lungs in ofmte miliary tuhercu- 
hsis, and in many cases of pulmonary phthisis. In each 
of these diseases it mnst be considered separately. 

Acute Miliaat Tubebculosis. — ^This disease is charac- 
terized by a general development of tubercle not only in 
the lungs but in most other organs, and it appears, as 
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already stated, to be in most cases of an infective nature, 
and to result from the transmission of infective materials 
from some caseons pathological product. It is in this 
disease that pulmonary tubercle is met with in its most 
characteristic form. 

The tubercle originates here in two situations — around 
the blood-vessels, and in the neighbourhood of the small 
bronchi. In the former, the growth consists in an accu- 
mulation of cells in the perivascular sheaths which 
enclose the small vessels. A proliferation of these cells 
takes place at separate centres, so that numerous miliary 
nodules are produced in the sheath : — these may subse- 
quently become more or less confluent. The eifect of this 
perivascular growth is to compress the small blood- 
vessels, and the obstruction often extends for some dis- 
tance beyond the confines of the nodular growths, owing 
to a hyperplastic process taking place in the cells of the 
vessels themselves. 

In the neighbourhood of the bronchi, the tubercle either 
originates in the minute masses of adenoid tissue which 
exist in the immediate vicinity of the bronchioles, or in the 
walls of the alveoli in which no such structure exists. In 
whichever of these situations the growth takes place, it 
causes a dimuiution in the calibre of the terminal bronchi, 
and thickening of the alveolar wall. 

This development of tubercle between the alveoli is soon 
followed by changes in the alveoli themselves. Not only 
do their walls become thickened, but they become the seat 
of a pneumonic process, which consists in a proliferation 
of their epithelium and its accumidation within the al- 
veolar cavity (Catarrhal pneumonia). The effect of this 
is to cause nodules of pneumonic consolidation in various 
parts of the lung, which are usually intimately blended 
with the tubercular growths. These are larger than the 
tubercles, and less regular in outline, although in their 
earliest stages, they may present a similar translucent 
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appearance. As they increase tliej become conflaent, d.nd 
80 may form large tracts of pneumonic Consolidation. 

In most cases, however, of acute tuberculosis, this 
secondary pneumonic process does not take place, death 
ensuing before the tubercular growth has had time to 
cause changes in the alveolar epithelium. With the ex- 
ception of any old caseous pneumonic product which may 
exist, the pulmonary tissue is usually but little altered, 
the lungs are crepitant throughout, being merely perme- 
ated with scattered miliary granulations, which may in 
some places be confluent in groups. 

Pulmonary Phthisis. — The part which the develop- 
ment of tubercle plays in the production of pulmonary 
phthisis, is one of the most vexed questions in the patho- 
logy of the present day. In accordance with the teaching 
of Laennec, phthisis was formerly regarded in all cases as 
a tuberculous disease, and the consolidation and subse- 
quent caseation and disintegration of the pulmonary 
tissue which are its essential anatomical features, were 
looked upon as invariably the result of the tubercular 
growth. The various consolidations of the pulmonary 
tissue were described as mfiUrated tubercle, and tubercle 
in some form or other, was regarded as so essential a 
constituent of the disease, that " phthisis " and " pulmo- 
nary tuberculosis " came to be quite synonymous terms. 

This old view of the tubercular nature of phthisis was 
principally based upon the erroneous notions which were 
then prevalent respecting the pathological significance of 
caseous products. Caseation was considered to be charac- 
teristic of tubercle, and all caseous masses were regarded 
as tubercular, hence phthisis — in which caseation is the 
most prominent feature — was regarded as a tuberculous 
disease. That such, however, is not the case, and that 
caseation is a form of metamorphosis more frequent in 
many other growths than in tubercle itself, has already 
been insisted upon. 
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When the application of the term " tubercle " became 
limited by Virchow and his followers to the grey granula- 
tion, it was evident that these old views respecting the 
nature of pulmonary phthisis, which dat>ed from Laennec, 
were no longer tenable. In many cases of phthisis it 
was seen that no tubercle existed, and that in those cases 
in which it did exist, it was invariably associated with 
extensive consolidation and caseation of the pulmonary 
tissue. It soon became evident also, that although 
tubercle might be present in phthisical lungs, the principal 
part of the consolidation was owing, not to the tubercle 
but to a chronic inflammatory process. It then became 
a question in those cases in which tubercle did exist» as 
to the relation which subsisted between the tubercle and 
the pneumonic consolidation. The latter was, for the 
most pai-t, regarded as secondary to the former, and the 
tubercle was still looked upon as the most important 
element in the disease. 

During recent years, however, principally owing to the 
advocacy of Buhl, Niemeyer, and Waldenburg, there has 
been an increasing tendency to regard the tubercle met 
with in most phthisical lungs, as secondary to the pneu- 
monic process ; and to look upon the latter as playing 
the most important part in the production of pulmonaiy 
phthisis. According to these observers, the tubercle 
in most cases results from infection by the caseous pneu- 
monic products, and pl\thisis is thus in the first place 
more frequently an inflammatory than a tuberculous 
disease. 

Although it must now be admitted that chronic pneu- 
monia, terminating in caseation, is the most frequent and 
important element in the production of pulmonary 
phthisis, and that tubercle, when it occurs, is usually a 
secondary growth,— it is probable that phthisis is by no 
means infrequently primarily tubercular, the pneumonic 
consolidation being seconda/ry to the tubercular growth. 
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As, however, all cases of phthisis are characterized hy 
consolidation, which terminates in caseation and disinte- 
gration, the ultimate condition of the Inng is much the 
same whether the disease be primarily pneumonic or 
tnbercnlar in its nature. 

The tubercle originates either in the periyascular 
sheaths, in the adenoid tissue in the neighbourhood of 
the small bronchi, in the alveolar walls, or in the bronchial 
mucous membrane. When primary, it is most frequent 
in the last named situation. 

As the most important element in the production of pul- 
monary phthisis is chronic pneumonia, the further con- 
sideration of this disease will be postponed until the 
pneumonic process has been described. (See " Chronic 
Catarrhal Pneumonia.") 



CHAPTER XXI. 

THE PAFILLOHATA. 

Thb FapiUoniata are new farmatiouB reBetnbhng m stmo- 
tore ordmajy papille and like these thej grow from 
ontaneonB mucous or aeroaH Hnrfaceii 

SiBrcTDsx — Thej conBiat of a basu of connective 
tasBne, anpportmg blood vesaels wbicli terminate in & 



Papilloma. Shoving a Bingle enlarged papills. (Rindlleigcli.) 
capillary net-work Or in a single capillary loop, the whole 
bduK enveloped in a covering of epithelium, (Fig. 36.) 
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Tbe epithelial coyering varies in cHaracter in diffemU 
growths. In those of the skin, it is like that met witb 
in this situation, hard and stratified, and is nsoallj very 
abnndant, forming a dense firm covering. In those 
originating from mncons surfaces, the epithelium fomui 
a thinner investment, and is of a much softer consistence; 
whilst in those growing from serous membranes it oftea 
constitutes only a single layer. 

The growth may be simple — consisting merely of en- 
laLrged papillae, as in a common wart — or it may be moire 
complex, the papillse being very numerous, and giting 
off seconda^ and tertiary ofPsets. If the investing 
epithelium id very abundant, it may so enclose the whole 
mass as to give to it a more or less regular outline. 
More commonly, however, this is not the case, and the 
epithelium not being sufEicient to fill up the spacefi 
between the papill», the growth presents a branched, 
villous, or cauliflower appearance. The blood-vessels are 
often very numerous, and are sometimes dilated and 
tortuous. 

Development. — ^The papillomata always originate fieom 
the skin, from mucous, or from serous membranes. Theff 
most frequently grow from pre-existing papillae ; some- 
times, however, they occur where no papillae exist, spring* 
ing directly from the sub-epithelial connective tissue z-^ 
this is the case in the stomach and larynx. Their gprowth 
is usually slow. The individual tumours rarely attain a 
very large size, the larger forms being for the most part 
constituted of several smaller growths. 

Secondabt Changes. — Of these, ulceration and haemor- 
rhage are the most frequent. They occur especially in 
those growths which originate from mucous surfaces. 
The haaoLorrhage is often very abundant, and may even 
endanger life. This is not unfrequently the case in the 
papillary growths of the bladder tind intestine. 

YijuiUBS.— -Tbe varietieB of papillary tumolna^ajMad 
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^riiicipallj upon their seat. Those growing from the 
gyn are wa/rta and horwy growths. These are firm, have 
9 cte&se epithelial covering, and are less prone to nlcera« 
tion and haamorrhage, than those growing upon other 
parts. Larger and more vascular forms may, however, 
oocuTon cutaneous surfaces — such are the cond/ylomaia 
snd venereal wa/rts met with around the anus and upon 
the external male and female genital organs. 

The papillomata of mucous membranes are softer 
mmL more vascular than the preceding, they have a less 
Aeftse et>ithelial covering, and are more prone to lilcera- 
tMH and h»morrhage. Many of them come within the 
Otttegory of mucous polypi. They are met with on the 
tongue, in the larynx and nose, on the gastro-intestinal 
ttucous membrane, on the cervix uteri, and in the bladder. 
In the bladder and intestine they are ofben exceedingly 
vascular, and give rise to profuse haamorrhage. Here 
they are not unfrequently confounded with villous 
epithelial cancer^ 

Papillomata of serous membranes never form distinct 
tnmouhi. They are met with as small out-growths from 
the synovial membrane in chronic diseases of joints. 

Glikical Ghabacters. — Glinically, the papillomata are 
innocent growths. They may, however, prove fatal from 
continuous ulceration and haemorrhage : this is especially 
the case, as already n^entioned, in papilloma of the 
bladder and intestine. In these situations they are easily 
mistaken for villous cancer ; the symptoms of both are 
vary similar, and it is ofben only after death that they 
can be distinguished. In the papillomata the epithelium 
ia homologovs, being situated only wpon the ati/rface of 
ti» pa|Hll9B, and in no case growing withvn their con- 
nective tissue basis. In the cancers, on the other hand, it 
UiheUfrohffoiu, and is met with in the hmaa. of the tumour 
and in the aubjacent conneotiva tissue. (See " Epithe- 
lioma.") 

m2 



CHAPTER XXII. 

THE ADENOMATA. 

ToB Adenomata — or aa tliey are mora oommonlj called, 
glaTtdalar tumours — are new formations of gland-tiBsne. 

SrancTURB. — In atrncture the adenomata resemble tlie 
racemoae or tubular glands. Thsy consiat of nameioaa 
8m»ll BaccnleB or tnbea filled with aqnamouB or cylindrical 
epithelial cella. Theae are gronped together, being 
merely aeparated by a amall, thongh varying, amonnt of 
connective tisane, in nhich are contained the blood'Tessela. 
<Pig. 36.) 

Fm 36 



Iv'S^ 



itl* 



!-- 



Adenoma q^lAx JAimwt x 8UD (Bindfle ech ) 

Betelofhbmt — The adenomata always originate Awm 
pre existing gland Btractnrea of which they are simply 
looal hjperplaaias Their growth which is nanallj alow. 
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takes place by the development of diverticula from the 
saccules or tubules of the gland, and by a proliferation of 
the enclosed epithelium. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a fibrous capsule. 

Secondary Changes. — The most frequent of these is 
fatty degeneration of the epithelium, which may give 
rise to the formation of small caseous masses in the 
growth. Dilatation of the saccules and tubules so as to 
form cysts, and mucoid softening, are also common. 

Vakibties. — One of the seats of adenoma is the 
mammary gland. Here two varieties must be distin- 
guished—one, in which there is a general hyperplasia of 
the whole gland ; the other, in which the process is limited 
to a single, or to a small group of lobules. The former 
constitutes hypertrophy of the mamma, the latter is the 
ch/ronic mammary or adenoid tumour. Adenoma of the 
mamma is comparatively rare. Many growths in this situa- 
tion, described as adenomata, are sarcomatous tumours, 
in which are contained the acini of the gland. The dis- 
tinction between true adenoma and such sarcomatous 
growths is often exceedingly difficult. The adenomata are 
either superficial or deeply seated in the gland- from which 
they originate, and from which they are usually separated 
by a loose fibrous capsule. They are commonly round or 
oval in shape, lobular, and of a hard elastic consistence. 
On section they present a lobulated appearance, their 
racemose structure being often visible to the naked eye. 
' The glandular structures of mucous membrane are 
also very common seats of adenoid growths. In the nose, 
the pharynx, the stomach, the intestines, the vagina and 
uterus, these growths are frequently met with. In course 
of time they usually gradually project above the surface 
of the membrane, so as to form a polypus, and thus con- 
stitute the most common form of mucous polypi. In 
consistence they are soft and somewhat gelatinous, 
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and often present a semi-translaoent appearance. Their 
Borfaoe resembles in colour the surrounding mucous 
membrane. The formation in them of cysts, by the dila- 
tation of their tubules, is exceedingly frequent : the c^sts 
usually contain a soft mucoid substance. 

The other seats of adenomata are the sebaceous 
glands, the pineal gland, and the ovaries. 

Clinical Ghabactebs. — Clinically, the adenomata are 
for the most part perfectly innocent : they are, however, 
very liable to be confounded with growths possessing 
malignant properties. A tumour, also, which is primarily 
a simple adenoma, may subsequently become cancerous. 
The anatomical distinction between cancer of a gland, 
in its earliest stages, and a simple glandular tumour, is 
often exceedingly difficult, especially in the mamma. In 
cancer the growth commences by a proliferation of liie 
epithelium within the ducts of the gland; and as the 
epithelium only subsequently becomes heteroplastic, the 
determination of the nature of the tumour in this stage, 
is necessarily attended with considerable difficulty. In 
sarcomatous tumours, again, originating in the connec- 
tive tissue of a gland, the ducts of the gland filled with 
epithelium} are often seen embedded in the new growth, 
and thus the appearance of adenoma may be closely 
simulated. 



CHAPTER XXIII. 

THE CARCINOMATA. 

Thb Carcinomata, or Cancers, are new formations con- 
sisting of cells of an epithelial type, without any inter- 
cellular snbstance, grouped together irregularly within 
the alTColi of*a fibrous stroma. 

The term ** cancer'^ has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that ** ctmeeroua" and ** maUgncmf^ have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture; a maUgncmt growth, on the other hand, is one 
which, independently of its structure, is infectious. (See 

Malignancy.") "Cancerous," is an cmcUonUcdl term; 

Malignant," is a dmical one. 

The Cancers include the four following varieties: — 
Scvrrhus, Eneephaloid, EpUheUoma, and OoUoid. These, 
although all possessing the same general characters, pre- 
sent certain structural and clinical differences which 
serve to distinguish them. It will be well in the first 
place to describe the characters common to the whole 
class, and subsequently those which are peculiar to the 
individual members. 

Stbuctube. — In structure, the Cancers so far resemble 
one another, that they all consist of cells of an epithelial 
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type, withoat any intercellular substance, gronped 
together irregnlarlj within the alyeoH of a fibrous 
stroma. 

The cells are characterized by their large size, by the 
diversity of their forms, and by the magnitude and pro- 
minence of their nuclei and nucleoli. (Fig. 37.) In 

Fig. 87. 




CeU»firofn a Scirrhtu o/tfie Mamma, x 250. 

size they vary from ^ to yfu^ of an inch in diameter ; 
the majority being about five times as large as a red 
blood-corpuscle. They are round, oval, fusiform, caudate, 
polygonal — exhibiting, in short, every diversity of outline. 
These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which are large and prominent, are 
round or oval in shape, and contain one or more bright 
nucleoli. The nuclei are, perhaps, most frequently single ; 
two, however, are frequently met with, and in the softer 
and more rapidly growing cancers they may be much 
more numerous. The cells rapidly undergo retrogressive 
changes, hence they usually contain molecular fat. They 
are many of them exceedingly destructible, so that offcen 
more free nuclei than cells are visible. Cells precisely 
similar to these are met with in other morbid growths, 
and even in the normal tissues. There is thus no specific 
" cancer-cell." It is the general character of the cells, 
together vrith their mode of distribution in the meshes of 
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a-fibzous stroma, that determines the nature of the growth 
to which they belong. 

The stroma varies considerably in amonnt, being much 
more abundant in some varieties of cancer than in others. 
It consists of a fibrillated tissue arranged so as to form 
alveoli of various forms and sizes, within which the cells 
are grouped. (Fig. 38.) These alveoli communicate ¥rith 

Pio. 88. 




Stroma J^om a Sdrrhus of the Mamma, x 200. 

one another so as to form a continuous cavernous system. 
The characters of the stroma vary with the rapidity of its 
growth : — if this is rapid, it will contain numerous round 
and spindle-shaped cells ; if, on the other hand, it is slow 
or has altogether ceased, the tissue will contain but few 
ceils, and will be dense and fibrous in character. This is 
the condition in which it is most commonly met with. 

Within the stroma are contained the blood-vessels. 
These are often very numerous, and form a close network. 
They are always limited to the stroma, and in no case do 
they encroach upon the alveoli. This distribution of the 
blood-vessels is important as distinguishing the cancers 
from the sarcomata : in the latter the vessels are not 
supported by a stroma, but ramify amongst the cells of 
the growth, hence the facility with which these tumours 
become generally disseminated. 



170 NUTEITION INCREASED. 

In addition to the blood-yessels, the cancers also poeseaB 
l/ymphatics. These accompany the blood-vesseb, and, a« 
has been shown by MM. Comil and Banrier, conunnnicate 
with the alveoli ; hence the great tendency of cancer to 
infect the lymphatic glands. 

Deyblopment. — ^The question of the genesis of cancer, 
involves that of the genesis of epithelium generally. It 
is maintained by many Histologists that epithelium can 
only originate from epithelium, and that the strata of 
cells set aside in the,«mbryo for the production of the 
epithelial tissues, is the source from which all epithelium 
is subsequently derived. Others admit that epithelium 
may also originate from connective tissue. A like dif- 
ference of opinion exists as to the source of the epithelial 
cells in cancer. By many — as Waldeyer, Thiersch, and 
Bilh-oth— they are regarded as originating only from pre- 
existing epithelium. Others — ^amongst whom areYirchow, 
Lucke, Bindfleisch, and Klebs — ^maintain that they may 
also be derived from the cells of connective tissue (or from 
migrated white blood-corpuscles). 

The difficulty of determining the genesis of cancer, is 
partly owing to the fact that it so frequently originates in 
structures where epithelium is normally abundant, as in 
the mamma, skin, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growth, the seat of active proliferation. In cancer of 
the mamma, for example, the first change usually observ- 
able is a large accumulation of epithelium within the 
ducts of the gland, a condition similar to that already 
described as occurring in the development of an ordinary 
glandular tumour. (See " Adenoma.") Soon, however, the 
epithelium is found outside the ducts, amongst the inter- 
and peri-glandular connective tissue, which is also in a 
state of active proliferation, and is infiltrated with small 
round cells. The outline of the ducts ultimately becomes 
completely annihilated, and the epithelial cells are seen 
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m alTeoli, formed of a fibroid tissae. The qvestioii arisei 
as to whether the epithelial cells, which constitate the 
liltbnaite oanceronB growth, originated from those nor- 
maHlj existing within the dacts of the gland, which in 
the process of development have extended beyond the 
ducts into the surrounding tissue ; or whether the j origi- 
nated in the connective tissue — ^the proliferation of the 
glamdular epithelium being merely a secondary process, 
and resulting from the irritation of the inter-glandular 
growth. 

In those cases in which cancer occurs primarily in situ- 
ations where no epithelium normally exists, as in the 
medulla of bone, and in lymphatic glands, it is difficult to 
maintain an epithelial origin. It must be admitted, how- 
ever, that the tendency which is exhibited by the cells of 
cancerous growths to maintain the type of the epithelial 
structures in the vicinity of which they grow, is greatly 
in favour of the view that they are derived from the epi- 
thelium. In cancers situated near the cutaneous surfaces, 
for example, the cells are usually of the squamous type, 
whereas in those growing in connexion with the glands 
of mucous membranes, they more commonly resemble the 
epithelium of the gland. It must be borne in mind, also, 
that the characters of young epithelium are by no means 
well defined. It is impossible to draw a line of demarca- 
tion between young epithelial cells, and the small round 
cells which are so numerous in the growing stroma of the 
cancer. It would appear to be quite in accordance with 
our present state of knowledge to admit the probability 
of two different modes of origin of the epithelial cells in 
eajiLcer — one from epithelium, and the other from con- 
nective tissue ; in the former case the cells being more 
strictly epithelial, such as are met with in epithelioma ; 
in the latter, the epithelial characters being less marked, 
as in many forms of encephaloid and scirrhus. 

The stroma is partly a new growth, and partly the pre- 
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eipsting connectiye tisane of the part in which the cancex: 
originates. It is probably in the main a new formation^ 
and the pathology of its development will vary with iia^ 
of the origin of the epithelial elements of the cancer. If 
the latter originate from epithelium, the stroma may be 
regarded as the result of the irritation of the* connective 
tissue by the infiltrating epithelial cells. If, on the other 
hand, the cellular elements originate in connective tissiie» 
the stroma must be regarded as a portion «of the product 
of the connective tissue hyperplasia. 

The cancers in their growth very rarely become encap- 
suled, but gradually invade the surrounding structures. 
This process of invasion is very characteristic, and is more 
marked in cancer than in any of the malignant growths. 
The epithelial elements are seen infiltrating the tissues 
for some distance around the confines of the tumour, so 
that there is no line of demarcation between it and the 
normal structures. 

Secgndaey Changes. — The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in all the varieties of cancer. The more rapid 
the growth, the earlier does this retrogressive change take 
place, and the greater is its extent ; hence it is usually 
most marked in encephaloid. It produces softening of 
the growth, which is often reduced to a pulpy cream-like 
consistence. Caseation, pigmentation, mucoid and col- 
loid degeneration may also occur. Calcification is very 
rarely met with. 

Vametibs. — The term " cancer" was so vaguely applied 
by the older pathologists — nearly all malignant formations 
being included under this head — that considerable confu- 
sion has resulted in the classification of cancerous growths. 
Peculiarities in structure and appearance have given rise 
to special names, hence the terms — "osteoid" ** chon- 
droid" "cystic,** "villous** and "fungoid!* cancer. A 
cancer containing large quantities of pigment was .do- 
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dcribed as a distinct variety, under the name of melomotie 
cancer. This pigmentation is most common in ence- 
phaloid. 

The most convenient classification, and that which is 
now generally adopted, divides the cancers into four 
groups: — sdrrhoiia, fibrous, or chronic cancer; encepha-^ 
Idd', medullary, or acute cancer; epitheUonua, or can^ 
eroid; and colloid or gelatiniform cancer. This divi- 
sion is based principally upon the relative proportion 
of the stroma, and upon the type of the epithelial 
elements. 

SCmBHOUS CANCEB. 

8cwrhou8, fibrous, or chronic cancer is characterized by 
the large amount of its stroma and by the chronicity of 
its growth. The slowness in the development of scirrhus 
probably accounts in great measure for the peculiarities 
in its structure and physical characters. 

The epithelial growth, although at first it may be 
luxuriant, quickly subsides. The elements soon atrophy 




Scfrrhiu cfthe Mamma, Showing the development 
of the Epithelial Galls within the alveoli of the 
Stroma, x 800. (Bindfleisch.) 

and undergo retrogressive changes. They are most 
abundant in the external portions of the tumour, where 
growth is taking place ; in the central portions they may 
be almost entirely wantmg. (Fig. 39.) 
This degeneration of the epithelial elements is probably 
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owing to the exoMBive growth of the stroma, and to tht 
BsbBeqnent indnratioii and contraction whicb it nudergon. 
ItqnioUy oaanmos the characten of cicatricial ti8sne,aDd 
beoomes hard and indarated. This canMS obstrociaon 
and obliteration of the blood-vesaels which it contains, and 
it is probably to this interference with the vaaooisr 
Bupplj that the arrest in tha derelopment of the CMictt 
is owing. The whole of the central portions of the growti) 
maythns nltiraatety conBist simplj of dense fibrone tiwoe, 
Uie circumference being the only part where the epithtdial 
BtmctitTe is Tisible. (Fig. 40.) The amoaiit of atmph|f 
and contraction varies considerabt; in different coaea. 




Showing the cicatncikl 
tiHoe in the older portions of the growth. » SOO 
(Biodfletecb) 

The physical characters of scirThus are in the same 
way due to the abundance of its stroma. The growth is 
firm and hard, and it is often depressed in the centre, 
owing to the contraction of the cicatricial tissne : this is 
very chamcteriHtic of scirrhus of the breast, wher« it 
canses puckering of the superjacent stmotnres. Os 
aeotirat the tnmoni presents a wUte gUstening snr&oe^ 
intenected with fibroru banda. The ertemal are leas 
firm than the cantraJ portions of the growth, andyieldrnt 
scrajung a jnioe whioh ie rioh m ceUs, nuolei, aisd 
gramnles. 

Scirrhos is most eoininonly met with in t^ EsBsls 
lM««st^ and in tha alimentary cani^— eq>ecial^ in tlia 
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pylorus, OBSophagus, and rectum. It also occnrs in the 
«kin. 

XNCEFHALOID CAKCEB. 

Eneephalaid, meduTUmf, onumie canoer, is •closely allied 
to tiiie preceding, from which it difiers principally in the 
gveat rapidity of its growth, the small amount of its 
stroma, and the consequent sofbness of its consistence. 
IQnoephaloid and scirrhus cannot be regarded as consti- 
tuting distinct varieties of cancer. There are all inter- 
mediate stages between them, and the differences in the 
rapidity of their growth, and consequently in their struc- 
ture and physical characters, constitute their only distinc- 
tive features. 

The epithelial growth in encephaloid is rapid and 
abundant, and the cells quickly undergo fatty degenera- 
tion, so that often more free nuclei than cells are visible. 
The proportion of stroma is very small, and owing to the 
rapidity of its growth, it is 'much less fibrous than that 
of scirrhus, and does not undergo a similar cicatricial 
contraction. The blood-vessels are very abundant, and 
the tissue supporting them being soft and non-resistant, 
hsemorrhage readily takes place. 

Encephaloid cancer is of a soft brain-like consistence, 
the central portions, where fatty degeneration is most 
advanced, often being completely diffluent. The tumour 
as often more or less lobulated. On section, it presents 
h white pulpy mass, much resembling brain-substance, 
which is often irregularly stained with eztravasated 
blood. 

Encephaloid is uiost frequently met with in interna 
organs, as a secondcury growth. It also occurs primarily , 
in the articular ends of bones, in the eye, in the testis, 
and in other parts. Many growths formerly described as 
encephaloid cancer, are soft sarcomata. (See ''Bound- 
celled Sarcoma.*') 
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EFITHEUOXA. 

EpUhdiofMJt, cancroid, or epithelial cancer, must be re- 
garded as constitntmg a mnch more distinct variety of 
cancer than either of the preceding. It differs from these 
in always growing in connexion with cataneons or mncoos 
snrfaoes, and in its epithelial elements closely resembling 
the squamous variety of epithelium. 

The cells of epithelioma are in the main indistinguish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
size from tvtt ^ nnnr of an inch in diameter, the average 
being j^v They contain usually a single nucleus ; fre- 
quently, however, the nuclei are multiple. (Fig. 41.) They 

Fio. 4L 




CtHUfirom an Epithelioma qfthe lAp, x 260. 



are often considerably flattened and distorted in shape, 
owing to the pressure to which in their growth they are 
subjected. The arrangement of these cells is peculiar :— 
the majority of them are situated in irregular tubular- 
shaped lobules; others are less regularly grouped in 
masses of various sizes amongst the meshes of the stroma. 
As the cells increase in number they become arranged 
concentrically in groups, so as to form globular masses. 



EPITHELIOMA. 



177 



In these massea, as the ^pitheliam mnltiptieB, the peri- 
pheral layers of cells become flattened bjpresanreagaiiiat ' 

th,e sorroiiiidmg stnictnres, whilst those in the centre 
remain more or less spherical in shape, lilie those of the 
deeper lajers of the epidermis. These are the concenlrie 
ghhe», or epiihdial neatt, which are ao oharBCteriatic of 
epithelioma (Fig. 42). They are met with not only in the 




tubular lobnles, bat also in. other parU of the stroma. 
Thn cella may be ao cloaely packed as ultimately to become 
hard and dry like those of the nails and hair, and the 
globes are then of a browniah -yellow oolonr, and of a firm 
consistence. These globes are often large enough to be 
readily visible to the naked eye, and owing to the arrange- 
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ment of tli« epidermic scales, they nsually present a 
fibrons appearance. 

The stroma presents every variation between rapidly 
growing embryonic, and dense fibrons tissne. It may be 
very abundant, or almost entirely wanting. As in the 
other forms of cancer, it supports the blood-vessels. 

With regard to the development of epithelioma, there 
can be no donbt that its epithelial elements are derived 
from the epitheHnm of the skin or mncons membranes, or 
from that of the glands which are situated in these tis- 
sues. The growth commences by a proliferation of this 
epithelium, which as it increases becomes heterologous^ 
extending beyond the normal limits into the subjacent 
connective tissue, and even into muscle, bone, and other 
structures. 

Epithelioma usually presents itself in the first place 
either as a small foul ulcer with indurated edges, or as a 
subcutaneous induration or nodule, which subsequently 
ulcerates. The surface of the ulcer is frequently papillated 
and villous, owing to the irregular growth of the corium. 
The tumour itself is firm in consistence, often more or less 
friable, and on section presents a greyish-white granular 
surface, intersected with lines of fibrous tissue. The cut- 
surface yields on pressure a small quantity of turbid 
fiuid, and in most cases also a peculiar, thick, crumbling, 
curdy material can be expressed, which comes out in a 
worm-like shape, like the sebaceous matter^ from the 
glands of the skin. This latter is very characteristic : it 
is composed of epithelial scales, and on being mixed with 
water it does not diffase itself like the juice of other 
cancers, but separates into minute visible particles. If it 
is very abundant, the cancer is soft and friable, and the 
material can be seen in the cut-surface as small scattered 
opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of the cutaneous or mucous surfaces ; and it ap- 
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pears in many cases to owe its origin to some external 
sonrce of irritation. It is most frequently met with in 
the lower lip at the junction of the skin and mucous 
membrane, on the tongue, prepuce, scrotum (" chimney- 
sweep's cancer"), labia, eyelids, cheeks, and in the uterus 
and bladder. As it extends it may involve any tissue — 
lymphatic glands, muscle, bone, and tendon may be alike 
implicated. It very rarely occurs in internal organs. 

Epithelial cancers growing from mucous membranes 
which possess a cylindrical epithelium, differ somewhat 
from the preceding. They usually originate in the glan- 
dular structures of the membrane, and their epithelial 
elements resemble those of the gland, and are not squa- 
mous in character. There is rarely a formation of con- 
centric globes, and the growths are of a soft, and often 
gelatinous consistence. The distinction between these 
and simple adenomata is often exceedingly difficult. 

COLLOID CANCEB,. 

The growths described under the name of colloid, aJ/veo- 
la/r, or gelatmiform cancer, although often regarded as con- 
stituting a distinct variety of cancer, are probably simply 
one of the preceding forms which have undergone a mu- 
coid or colloid change. The frequency with which non- 
cancerous growths which have undergone these forms of 
degeneration have been confounded with colloid cancer 
has already been alluded to. (See "Colloid Degenera- 
tion.") 

The alveolar structure in colloid cancers is very marked : 
— ^the alveoli are large, distinct, and more or less spherical 
in shape. Within them is contained the gelatinous or 
colloid material, which is a glistening, translucent, colour- 
less, or yellowish substance, of the consistence of thin 
mucilage or size-gelatin. In the main, it is perfectly 
structureless ; within it, however, are embedded a vary- 

n2 
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ing number of e^ntbelicnd cells, whict aUo eoutain 
U)B Hune gelaiiaona Bobcrtance. TheM cells preaeut a 
pocnliai' ^peSTHDCe -. — thej are laj^ and spherical in 
shape, and are distended witk drops of the same gelannona 
material as tliat in which thej are embedded. (Fig. 43.) 




X SOa (KndflmndL) 



Many of tliem display a lamellar aar&ee, tlieir boandary 
eonsisting of concentric lines. It wonld appear that 
the macoid change commences in the ceUs, which become 
gradnall; destroyed in the proceM. 

Colloid cancer is most frequently met with in the 
stomach, in the intestine, and in the peritoneum. 



Cubical Oeibactbss op thx Cahcibs. — The cancerg 
all possess, in the highest d^^ree, malignant propettiea. 
They extend locally, invading indiscriminately the tisanes 
in whioh they grow, and reproduce themselves in the 
lymphatic glands and in internal organs. In the process 
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of disseminatioQ, however, they present some peculiarities 
which distinguish them from growths, with which they 
are closely allied, and which are equally malignant — viz., 
the sarcomata. 

The cancers are characterized by their great tendency 
to local extension by the invasion of adjacent structures, 
and by the facility with which they cause similar growths 
in the neighbouring lymphatic glands. The implication 
of the lymphatics is much more marked than in the sar- 
comata, and this is probably owing to the communication 
of these vessels with the alveolar spaces of the cancerous 
growth. The general dissemination in internal organs, 
on the other hand, is effected much less readily in cancer 
than in sarcoma, and the course of the former is there- 
fore often more protracted than that of the latter. This 
difference is explained by the difference in the distribution 
of their blood-vessels : — in cancer, these are contained in 
the stroma, and do not come into contact with the cells 
of the growth, whereas, in the sarcomata, they ramify 
amongst the cells, and their walls being composed of thin, 
embryonic tissue, like that of the growth which they 
supply, infection through the medium of the blood is 
rapidly and readily effected. In cancer, the lymph being 
the chief medium of infection, the reproduction of the 
growths in internal organs is often considerably delayed. 
The progress of the disease becomes arrested by the lym- 
phatic glands, and its further dissemination can usually 
only be effected after these have become very generally 
and extensively involved. 

With regard to the difference in the clinical characters 
of the several varieties of cancer — epithelioma is the least 
malignant. It extends locally, and affects the neighbour- 
ing lymphatics, but rarely reproduces itself in internal 
organs. This is possibly partly owing to the size and 
character of its epithelial elements. 

Sdrrhus and encephaloid, which anatomically are so 
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closely allied, differ considerably in the degree of their 
malignancy. The dissemination of the latter takes place 
mnch more readily than that of the former, owing to the 
greater rapidity of its growth, its greater vascnlarity, and 
the greater activity of its epithelial elements. Both 
scirrhns and encephaloid reprodnce themselves in the 
lymphatic glands, and in internal organs. 

Colloid closely resembles encephaloid in the rapidity of 
its development, and in the degree of its malignancy. 

In all the varieties of cancer there is a tendency for the 
secondary growth to repeat the characters of the primary 
one. This is most marked in encephaloid, epithelioma, 
and colloid. These, in reproducing themselves, ahnost 
inyariably maintam their primary characters. In sdrr- 
hns, however, the secondary growths in internal organs 
nsnally differ from the primary one. They are soft and 
vascular, and possess all the characters of encephaloid. A 
tendency to the formation of pigment (melanosis) in the 
primary cancer, is in the same way exhibited by the 
secondary growths. In some cases, however, this 
tendency to repeat the characters of the primary growth 
is less marked, and the different varieties of cancer may 
be found replacing one another. 



CHAPTER XXIV. 

THE MYOMATA, NEUROMATA, AND ANGIOMATA. 

MTOMATA. 

The mjomata are tnmonrs consisting of mnscnlar 
tissue. A new formation of mnsde has been already 
described as being frequently associated with the ordinary 
process of hypertrophy, both of striated and of non- 
rtriated mnecle-a simple hyperplasia of the elements of 
the mnsde accompanying the increase in their size. (See 
" Hypertrophy.") 

Stbuctub£. — The myomata consist eiliher of striated or 
of non-striated muscle. The former are exceedingly rare, 
only two or three examples having been recorded, and 
these were congenital. 

The myomata of non-gtriated muscle, consist — ^like the 
physiological tissue — of elongated, spindle-shaped cells, 
more or less isolated, or grouped into fasciculi of various 
sizes, with a varying quantity of connective tissue. The 
connective tissue is often exceedingly abundant, so much 
so, that these growths in the uterus — ^where they most 
frequently occur— are usually known as fibroid tumours. 
It is often necessary to macerate the tissue in dilute nitric 
add, in order to display the muscular elements, which by 
this means become isolated. The muscular fasciculi 
either present a regular arrangement, or pass in different 
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directions throogli the tumour. The blood-vessels are 
distributed in the connective tissne. 

Development. — ^The myomata probably always origi- 
nate from mnsde, they are therefore homologous growths. 
In their growth they may become distinctly drcomscribed 
tomonrs, bnt more commonly, they remain as ill-defined, 
irregular masses in the midst of the mnscular tissne in 
which they grow. They not infrequently become pedun- 
culated and form polypi, especially in the uterus. 

Secondaby Changes. — Of these, the most frequent is 
calcification : hsBmorrhage, mucoid softening, and the for- 
mation of cysts, ai*e also occasionally met with. 

The uterus is by far the most frequent seat of the myo- 
mata, and they constitute here a variety of the so-called 
^hroid tumours of the uterus. Many of these uterine 
fibroid tumours consist almost entirely of connective tissue, 
and to such the application of the term "fibroid** would 
appear to be correct. In others, however, the muscular 
elements form so large a proportion of the tumour that it 
is more properly regarded as a muscular growth. They 
form either distinctly circumscribed tumours, or irregu- 
lar, IQ-defined mdsses in the uterine walls. Sometimes 
they project in the form of polypi into the uterine or ab- 
dominal cavities. Myomata may also occur in the prostate 
gland, in the cesophagus, and in the stomach and intes- 
tines. In the latter situations they often become pedun- 
culated. 

Clinical CHABACTE&s.-^Clinically, the myomata are 
perfectly innocent. 

neubomata. 

The neuromata are tumours consisting almost entirely 
of nerve-tissue. The term " neuroma" has been applied 
to many growths found in connexion with nerves : — fibrous 
and gummy tumours growing within the nerve-sheath, 
and many myomata, have been included under this head. 
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True neuroma, However, is very rarely met with, and is 
amongst the least frequent of all the new formations. 

Structure. — Nerve-tissue presents itself in two forms : 
the grey or medullary tissue, which consists principally 
of nerve-cells, and the white tissue, which consists of the 
tabular nerve-fibres. New formations of medullary tissue 
have been described by Yirchow in the nervous centres, 
as local or general hyperplasias of the grey matter, but 
they are so exceedingly rare that a farther description of 
them will be unnecessary. It is as a new growth of nerve- 
fibres that the neuromata are most frequently met with. 
They resemble in structure the cerebro-spinal nerves, 
consisting of tubular fibres vrith a varying quantity of 
inter-tubular connective tissue, and in some cases a few 
grey gelatinous fibres. 

Development. — The neuromata always originate from 
pre-existing nerve-tissue, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small, single 
nodules. 

The most frequent seat of these growths is the extremi- 
ties of divided nerves, where they are sometimes found after 
amputations. They exist, in this situation, as spherical 
or elongated enlargements of the divided extremity of the 
nerve ; and they are usuaUy intimately connected with 
the cicatricial tissue of the stump, from which they can 
only with difficulty be isolated. They may also occur in 
the course of the nerves in any situation, either as single 
or multiple nodules. 

Clinical Characters. — Clinically, the neuromata are for 
the most part perfectly innocent tumours. They some- 
times, however, recur locally after removal. They always 
cause considerable pain. 



186 NTJTRinON INCREASED. 



ANGIOUATA. 

THe angiomata, or yascnlar tamonrs, are tnmonrs 
conedsting of blood-vessels, held together by a small 
amount of connectiye tissue. They include the yarions 
forms of nssvi, the erectile tomours, and aneurism by 
anastomosis. They may be divided into two classes — 
the simple angiomata, in which the new vessels resemble 
normal arteries, veins, or capillaries ; and the caverwms 
angiomata, in which the blood circnlates in a cavernous 
structure similar to that of the corpus oavemosiim 
penis. 

Sdcplb Avgioxata. — ^These include the various forms 
of nsBvi, and telangiectasis. They consist of tortuous 
and dilated blood-vessels, held together by a small quan- 
tity of connective and adipose tissue. The vessels are 
most of them of new formation ; some, however, may be 
the original vessels of the part which have become con- 
siderably enlarged. They most commonly partake of the 
nature of capillaries, but in other cases the arterial or 
venous characters predominate. These growths are 
usually small, superficial, slightly elevated masses ; al- 
though they sometimes form larger tumours. Their colour 
is red, violet, or purple, according to the character of the 
blood which they contain. The former is much the most 
frequent. 

Gavbbnous Akoiomata. — ^These include the venous vas- 
cular tumours, erectile tumours, and aneurism by anas- 
tomosis. They consist of an erectile cavernous tissue, 
closely resembling that of the corpus cavemosum penis. 
The growth is made up of irregular fibrous alveoli, which 
communicate freely with one another, and are lined with 
an epithelium similar to that of the veins. These spaces 
are distended with blood, usually venous, which is sup- 
plied to them by numerqus tortuous vessels, and circulates 
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in them witb varying degrees of rapidity. These growths 
are commonly of a blnish colour. They may be diffase, 
or from distinctly circnmscribed tnmonrs. They often 
exhibit distinct pulsation. Their favonrite seat is the 
skin and subcutaneous tissue. They may also occur 
in the orbit, in muscle, and in the liver, spleen, and 
kidneys. 



CHAPTER XXV. 

CYSTS. 

In addition to the new growths already described, there 
is a large class of formations, many of which cannot be 
regarded as " tumours" in the strict application of this 
term. These are the cysts or cystic twmowrs, 

A cyst is a cavity containing liquid or pultaceous ma- 
.terial, which is separated from the surrounding structures 
by a more or less distinct capsule. It may be a new for- 
mation, or a pre-existing structure which has become 
distended by its own secretion, or by extravasation into it. 
The former, only, comes within the category of new 
growths, although, for the sake of convenience, it will be 
advisable to consider them both under one head. 

There are thus two principal modes by which cysts ori- 
ginate — one, the most frequent, by the gradual accumula- 
tion of substances within the cavities of pre-existing 
structures, which are, for the most part, products of their 
own formation, being in some cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

The aocumtdation of secretions cmd of other prodticts 
within, pre-esdisting ccwities, may be effected in the three 
following ways : — 

1st. By the retention of the normal secretion, owing 
to the closure of the excretory ducts — as in sebaceous 
glands. 
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2nd. By excessive pecretion ; the cavity being unpro- 
vided with an excretory duct — as in bnrssB. 

3rd. By the extravasation of blood into the cavity — as 
in hsBmatocele. 

The mdependent formation of a cyst may take place — 

1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become con* 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fdsion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst-wall ; and this may, in some cases, become 
lined with secreting cells. 

3rd. By the formation of a cyst-wall aroUnd foreign 
bodies, parasites, or extravasated blood. 

Structure. — The wall of the cyst will vary in its 
nature according as it is a pre-existing or a newly-formed 
tissue. In the former case, it will possess an epithelial 
lining, which will present the same characters as that of 
the gland, serous membrane, or other structure, from 
which the cyst originated. K the cyst is a new growth, 
it rarely possesses an epithelial lining, but consists simply 
of a fibrous capsule. The cyst- wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
much less intimate. Instead of being a distinct structure, 
it may simply be the surrounding tissue which has become 
dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion- 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are thus found in these cysts, more or 
less altered in character from being retained in a closed 
cavity. In the exudation-cysts, serum is the most fr&- 
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quent conBtituent, and in extravasation-cysts, blood. In 
those cysts which originate from the softening and break- 
ing down of tissue, the contents are the products of re- 
trogressive tissue metamorphosis, and usuaUy consist 
largely of mucin, fatty matters, and serum. 

Secgndaay changes. — ^These may take place in the wall 
of the cyst, or in its contents. The cyst-waU itself may 
become the seat of new growths, and produce secondary 
cysts, villous, glandular, and other structures: — ^this 
occurs in many compound ovarian cysts. It may also be 
the seat of an inflammatory process, terminating in sup- 
puration and granulation, and by this means the cyst 
frequently becomes obliterated, its contents being either 
absorbed or discharged externally, and the cavity closing 
by granulation. Calcification and ossification of the wall 
may also occur. The contents of cysts undergo various 
changes, owing to their retention in a closed cavity. 
The secretions become altered in character, thickened 
and viscid. Epithelial elements undergo fatty changes, 
and so give rise to cholesterin crystals. Calcification of 
the contents is also common. 

Cysts may be amvple or compound, A simple cyst 
consists of a single locnlus. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. An- 
other variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others growing 
from its walls. A compound cyst may become a simple 
one by the destruction of its walls. 

Cysts are frequentlyassociated with other growths, hence 
the terms — " Cystic- Sarcoma," " Cystic-Cancer," &c. It 
is especially in those growths which originate in glandular 
structures, as in the mamma, testicle, and ovary, that this 
combination is met with. The cystic development may 
entirely obliterate the structure of the tumour in which 
it takes place, so that ultimately the latter is converted 
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into a combination of cysts. In other cases large portions 
of the tumour grow into the cystic cavities. Considerable 
difficulty is thus not unfrequently caused in determining 
the nature of the original growth. 

Classification. — Cysts may be most conveniently classi- 
fied, according to their mode of origin, thus : — 

CLASSITICATIGN OF CYSTS. 

I. Cysts formed by the accumulation of substances 
within the cavities of pre-existing structures. 
A. Eetention -CYSTS. — Cysts resulting from the re- 
tention of normal secretions. These include — 

a. Sebaceous Gysts. — These are formed by the 
retention of secretions in the sebaceous 
glands. Such are comedones and atheroma- 
tous timiours. 

P, Mucous Gysts. — ^These are formed by the re- 
tention of secretions in the glands of mucous 
membranes. 

y . Cysts from retention of secretions m other parts, 
including, Eanula, from occlusion of the 
salivary ducts; Encysted Hydrocele, from 
occlusion of the tubuli testis ; cysts in the 
mammary gland, from obstruction of the 
lacteal ducts ; simple, and some compound 
cysts of the ovary, from dilatation of the 
Graafian follicles; and simple cysts of the 
liver and kidneys. 

B. Exudation Cysts. — Cysts resulting from exces- 

sive secretion in cavities unprovided with an 
excretory duct. These include BurssB, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment. 

C. Extravasation Cysts. — Cysts resulting from 

extravasation into closed cavities. These in- 
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dude HaBmatocele, and some other forms' of 
sangoineons cysts. 
IT. Cysts of independent origin. 

A. Gtsts fkom Softening of Tissues. — ^These are 

especially common in new formations, as in 
enchondromai lipoma, sarcoma, &c. 

B. Cysts from Expansion and Fusion of Spaces 

IN CoNNBCTivB TissuE. — These include — 
a. BwrstB, originating from irritation and exuda- 
tion into the tissues. 
fi. Serous cysts in the neck (often congenitaL) 
y. Ma/n/y cornpotmd ovcurian cysts. * 

C. Ctsts fobhed abound Foreign Bodies, Extba- 

VASATBD Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid cysts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, hair, teeth, bones, &c. 



• See Dr. Wilson Fox, on Cystic Tnmonrs of the Ovary, "Med. 
Ghir. Soc Trans.," vol. xlviL 



CHAPTER XXVI. 

INFLAMMATION. 

The morbid processes whicli have thus far been de- 
scribed, have been mainly characterized by some alteration 
in the normal nutrition of the histological elements; 
either by a diminution in their nutritive activity — as in 
atrophy and the degenerations, or by an increase — as in 
hypertrophy and the new formations. In the process of 
inflammation, an alteration in nutrition also plays a pro- 
minent part, but changes in the blood-vessels and in the 
circulation are its essential and most important con- 
stituents.* 

Inflammation is the succession of changes which takes 
place in a tissue, as the result of some kind of injury, pro- 
vided that this injury be insufficient immediately to destroy 
its vitality. With regard to the nature of the injury, it 
may consist in some direct irritation of the tissue, either 
by mechanical or chemical agents, or by substances 
conveyed to it by means of the blood-vessels or lym- 
phatics ; or in an indirect irritation, as in some cases of 
inflammation of internal organs arising from exposure to 
cold. In all cases, however, some injurious stimulation 



* With regard to the general pathology of Inflammation, the 
reader is especially referred to the works of Yirchow, Cohnheim, 
Strieker, and Burdon-Sanderson. The most able article by Professor 
Sanderson, in the fifth volume of Holmea*8 System of Surgery^ con- 
taiaB an admirable exposition of what is known on die sabject. 
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of the tisane precedes the occurrence of the local changes 
which constitute the inflammatoiy process. 

The exact natnre of these changes has, for the most 
part, heen ascertained during the past five years, mainly 
owing to the experimental researches of Professors Cohn- 
heim, Strieker, and Burdon- Sanderson. The method of 
investigation has consisted in the artificial production 
of inHammation in the lower animals, and the obser- 
vation of the process as thus induced. The process com- 
prises — 
1st. Changes in the blood-vessels omd circulation. 
2nd. EoBudation of liquor sa/nguinis cmd migration of 
iffhite hlood'corpuecles ; and 
3rd. Alterations in the nutrition of the inflamed tissue. 
It will be well, in the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

. I. Changes in thb Blood-vessels and Circulation. — 
Changes in the blood-vessels, and circulation resulting in 
increased vascularity, have ever been regarded as playing 
A most important part in inflammation, as upon them prin- 
cipally depend those signs of the process which are most 
obvious during life. The redness, heat, and swelling, 
which are so constantly met with in inflamed tissues, are 
in great measure due to the attendant hypersemia. The 
swelling, however, is in most cases dependent rather upon 
the effusion and cell-growth, than upon the over-fulness 
of the blood-vessels. 

These changes in the blood-vessels and circulation are 
essential constituents of inflammation, both in vascular 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they take place in the ad- 
jacent vessels from which these tissues derive their nutri- 
tive supply. The nature of these vascular changes has 
been studied by the artificial production of inflammatioa 
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^n transparent tissues, in which the circulation can be 
readily observed ; the . web and mesentery of the frog* 
and the wing of the bat, being most convenient for this 
purpose. The phenomena, as observed in the mesentery 
of the frog, may be thus briefly described: — 

The first effect of irritation of the mesentery — ^mere ex- 
posure to the air being sufficient for the purpose — is to 
cause dilatation of the arteries, and subsequently a similar 
dilatation of the veins. The dilatation of the arteries 
commences at once, and is not preceded by any contrac- 
tion. It gradually increases for about twelve hours. This 
enlargement of the blood-vessels is associated at fche com- 
mencement of the process with an acceleration in the flow 
of blood ; this, however, is soon followed by a considerable 
retcvrdaiion in the circulation, the vessels still remaining 
dilated. These alterations in the rapidity of the blood- 
flow cannot be owing to the increase in the calibre of the 
vessels, which remain throughout dilated. The rela- 
tion which subsists between' the two phenomena is un- 
Imown. 

The retardation of the circulation usually commences 
somewhat suddenly, and is first observable in the veins. 
The rapidity of the current varies, however, in different 
vessels; in some — both arteries and veins — it may be more 
rapid, in others, very slow, oscillating to and fro, or even 
completely stagnant, these differences occurring perhaps 
in contiguous vessels, without any obvious cause. The ca- 
pillaries and small arteries often present at the same time 
numerous irregular bulgings and contractions ; in many 
parts they may be distinctly aneurismal and varicose. 

As the circulation becomes slower, the white blood- 
coipusdes (leucocytes) accumulate in the veins. Their 
natural tendency to adhere to the sides of the vessels is 
increased, so that they may nearly fill the tube. At the 
same time they exhibit active movements, by means of 
which they penetrate the walls of the vessels and pass 
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into the BTirroniidiiig tissues. This phenomenon wiU be 
described under the head of " Exudation of Liquor- San- 
guinis and of White Blood-Corpuscles." The absolute 
number of white blood-corpuscles may also be increased 
owing to the irritation of the lymphatic structures in the 
vicinity of the inflamed tissue. 

The red corpuscles also accumulate in the capillarie8> 
They adhere to one another and to the sides of the 
vessels, and become so closely packed that their outlines 
can scarcely be distinguished. Increased adhesiveness of 
the red corpuscles has long been regarded as charac- 
teristic of inflammatory blood, by virtue of which they 
exhibit a greater tendency to cohere in rolls than in 
health. This was supposed to be due to increased 
viscidity of the blood owing to an increase in its fibrin. 
It is doubtful, however, if this be the case — the experi- 
ments of Professor Lister tending to show that the aggre- 
gation is as marked after the removal of the fibrin, and 
in non-inflammatory as in inflammatory blood. (See 
" Causes of Stasis.") 

The gradual diminution in the rapidity of the circula- 
tion, and the accumulation of the blood-corpuscles in the 
vessels, is usually ultimately followed by the complete 
stagnation of the current, constituting the condition long 
know as infla/mmatory stasis. 

' II. EXUDA.TION OP Liquor Sanguinis and Migbation 
Op White Blood-Corpuscles. — Another constituent of 
the inflammatory process consists in the exudation of 
liquor sanguinis and migration of white blood-corpusoks. 

a. Migration of White Bloodr-Corpuscles. — The emigra- 
tion of white blood-coipuscles (leucocytes) through the 
walls of the blood-vessels was first described, altlioiigli 
very incompletely, by Dr. W. Addison in 1842.* This 



* '* Experimental and Practical Besearches on Inflammation/* 
TV-ans. Pr&o, Med. AasoekUion, 1842. 
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observer stated as the result of his researches, that m 
inflammation these corpuscles adhered to the walls of 
the vessels and passed through them into the surround- 
ing tissues. In 1846 Dr. Augustus Waller described more 
fully the same phenomenon, and from his description there 
can be little doubt that he actually observed the emigra- 
tion of the corpuscles.* Both these observers concluded 
that the escaped blood-corpuscles became pus-corpuscles. 
Their observations, however, were but little thought of 
and were soon forgotten, and it was not until 1867, when 
similar investigations were instituted quite independently 
by Professor Cohnheim, of Berlin — to whose minute 
researches we must ascribe most of our present knowledge 
on this subject — that the emigration of blood-corpuscles 
came to occupy an important place in the pathology of 
inflammation. 

The emigration may be observed in the mesentery of 
a frog which has previously been paralysed by the sub- 
cutaneous injection of curare. The changes in the 
blood-vessels and in the circulation, and the accumula^ 
tion of blood-corpuscles in the part, have been already de- 
scribed; it remains only to consider the phenomena of 
emigration. 

The white blood-corpuscles (leucocytes) which have 
accumulated in large numbers, especially in the veins, 
remain almost stationary against the walls of the vessel, 
the blood-current passing by them, although with much 
diminished velocity. Those immediately adjacent to the 
wall, gradually sink into it, and pass through it into the 
surrounding tissue. In doing so they may be observed in 
the various stages of their passage. At first small button- 
shaped elevations are seen springing from the outer wall 
of the vesseL These gradually increase until they assume 
the form of pear-shaped bodies, which still adhere by 

• PhiL Maoadne, voL xziz., 184$. 



198 INFLAMMATION. 

their small ends to the vascular wall. Ultimately tbie 
small pedicle of protoplasm by which they are attached 
gives way and the passage is complete, the oorpnsole 
remaining free outside the vesseL 

In explanation of this phenomenon, there can be no 
doubt that the passage of the corpuscles is effected by 
virtue of their own amoeboid activity, by means of which 
they penetrate the walls of the vessels. The capillaries 
are now known to consist of protoplasm, and hence the 
penetration of their contractile walls by the amoeboid cor* 
puscles, and the subsequent closure of the openings whea 
the transit is completed can be readily understood. The 
corpuscles having escaped from the vessels into the sur- 
rounding tissues, continue to exhibit active movements. 
They may multiply by division, and thus rapidly increase 
in number : this wiU be again referred to when speaking 
ofthe origin of pus. 

Not only is there an emigration of white blood-cor- 
puscles in inflammation, but the red corpuscles also pass 
through the walls of the blood-vessels, though in less 
considerable numbers ; and their transit is mainly 
through the walls of the capillaries. This passage of the 
red corpuscles takes place in simple mechanical conges- 
tion, and it may be observed in the web of a frog in which 
congestion has been artificially induced by ligature of 
the femoral vein. (See " Mechanical HypersBmia.") 

/3. Exudation of Liquor Sangumis. — Associated with 
the passage of the blood-corpuscles through the walls of 
the vessels, is an exudation of the liquor sanguinis. The 
exuded liquor sanguinis — ^which constitutes the wdl- 
known inflammatory effusion — differs from the liquid 
which transudes as the result of simple mechanical con- 
gestion, inasmuch as it usually contains a larger propor- 
tion of albumen and fibrin, a proportion which increases 
with the intensity of the inflammation. It also contains 
an excess of phosphates and carbonates. 
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The most cHaracteristic featare of inflammatory- 
^ffuBion is the large number of cell-stractores which it 
contains. These are the direct product of the inflamed 
tissue, and are in no case generated spontaneously in the 
effused liquid. Most of them are migrated blood- 
eoTpusdes, others are derived from the proliferating 
elements of the tissue. The quantity and nature of the 
efiusion will thus vaiy with the tissue inflamed, and with 
the seyerity of the inflammatoiy process. In non-yas- 
ealar tissues, as cartilage and the cornea, exudation can 
only occur to a small extent from the neighbouring 
Tessels, and hence the effusion is small in quantity. In 
dense organs — as the liyer and kidney, owing to the com- 
pactness of the structure, a large amount of eflusion is 
impossible, and what there is, is so intermingled with the 
structural elements of the organ that it does not appear 
as an independent material. In the kidney it escapes 
into the urinary tubes and so appears in the urine. The 
effusion is most abundant, and constitutes an important 
visible constituent of the inflammatory process, in in- 
flammation of those organs which possess a lax structure 
and in which the vessels are but little supported — as the 
lungs, and in tissues which present a free surface — as 
mucous and serous membranes. 

•III. Alterations in the Nutrition op the inflamed 
Tissue. — ^The remaining constituent of the inflammatory 
process consists in an alteration in the nutrition of the 
elements of the inflamed tissue. The nutritive changes, 
although they may differ according to the structure of the 
part, are all characterized by an vnoreaee in the nutritive 
activity of the cellular elements. 

The nature of these nutritive changes has for the most 
part been ascertained by the investigation of tissues in 
the lower animals, in which inflammation has been arti-^ 
flciaJly induced. In man, the study of the primary lesions 
is difficult, owing to the fact that the process can rarely. 
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be observed in its earlier stages. These changes will be 
more fnlly described when considering inflammations of 
particular organs and tissues ; it will be sufficient in the 
present place merelj to indicate their general charact^s. 

The alteration in nutrition, as already stated, is cha- 
racterized by an exaltation of the nutritive functions of 
the cellular elements of the tissues involved in the inflam- 
matory process. This is evidenced by an increase in the 
activity of those elements which normally exhibit active 
movements, as the amoeboid cells of connective tissue and 
of the cornea. Cells, which under normal circumstances 
undergo no alterations in form and exhibit no active 
movements, become active — sending out processes, and 
undergoing various alterations in shape. This increase in 
the activity, and variation in the form of the cells, is in 
most cases followed by ealargement and division of their 
nuclei and protoplasm, and thus by the formation of new 
cells. 

This increased activity of the cellular elements varies 
considerably in different tissues, and even in the elementa 
of the same tissue. Some cells exhibit active movements 
and form new cells, much more readily than others. 
Those tissues, for example, which naturally maintain 
themselves by the multiplication of their elements, as the 
epithelial tissues, become active very readily in inflam- 
mation, very slight degrees of irritation being sufficient to 
eause in them rapid cell-proliferation. This is seen in 
inflammation of mucous membranes, and of the epider- 
mis. In tissues, on the other ha|id, whose elements 
normally exhibit no tendency to multiplication, as com- 
mon connective tissue, cartilage, and bone — active changes 
ftre much less readily induced, the cells are much more 
stable, and multiply with far less facility ; and if the in* 
flammation is slight, they may not multiply at all, but 
simply become enlarged and undergo some alteration in 
form. Lastly, in the higher tissues, the stability of the 
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elements reaches its mazimam, and in nerve-cells no 
increase of activity can be induced. 
. Different cells in the same tissne exhibit also different 
degrees of stability. In common connective tissne and 
the cornea, for example, the amoeboid cells are the least 
stable, and are the first to multiply. Possibly the age of 
the cells may influence their tendency to become active, 
the newer being less stable than the older elements. In all 
cases, however, the rapidity and extent of the proliferation 
are in direct proportion to the intensity of the inflam- 
mation. 

The earliest nutritive change is thus one of cell-proli- 
feration ; the subsequent ones are characteiized either by 
impairment of nutrition and the degeneration and death 
of the newly formed elements, or by the development of 
these into a permanent tissue. As a rule it may be said, 
that the new cells are less developed than those from 
which they originated, more prone to undergo retrogres- 
aive changes, and if they form a new tissue, this is infe- 
rior in its organization to that of the original structure. 
This, however, will vary with the tissue involved, and 
with the intensity of the inflammatory process. The more 
intense the inflammation, the greater is the rapidity of the 
oell-proliferation, the more abortive are the young cells, 
and the less is their tendency to form a permanent tissue. 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the intercellular 
substance. The latter are for the most part characterized 
by softening. In common connective tissue, the fibres in 
the first place become succulent and less distinct, and 
ultimately they are completely destroyed ; in cartilage, 
the matrix softens and liquefies ; in bone, the lime-salts 
are removed, the lamelke disappear^ and the osseous 
structure becomes converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 
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Having thus briefly described tbe succession of changes 
which occurs in the process of inflammation, it remains to 
consider in what way these result from the injorions stimu- 
lation of the tissue, and how far a causal relation subsists 
between them.* 

The first apparent change which follows the irritatioii 
of the tissue, consists in the dilatation of the blood-yessels 
and in an acceleration of the flow of blood. Bespecting' 
the cause of this primary vascular phenomenon, recent 
physiological investigations show that a similar dilatation 
of the vessels and increase in the activity of the circula- 
tion is produced by the excitation of a sensory nerve in 
those parts in which the nerve originates ; and it must be 
regarded as in the highest degree probable, that the 
primary vascular phenomena in inflammation are in the 
same way owing to an injurious impression received by 
the sensory nerves being reflected by the vaso-motor 
centre to the vessels. How such an excitation of the 
nerve produces dilatation of the vessels and increased 
rapidity of the circulation is, however, unknown. 

With regard to the cause of the retardation of the blood- 
stream which so quickly succeeds its acceleration, and 
the ultimate production of stasis, the observations of 
Professor Lister and Dr. Ryneck tend to show that it 
consists in some alteration in the walls of the blood- 
vessels, and not in changes in the blood itself. Dr. 
Byneck has shown that stasis may be produced in the 
web of a frog, in which milk or defibrinated blood has 
been injected in place of the normal blood ; and also that 
in vessels, the vitality of which has been destroyed or 
altered by the injection of poisonous metallic substances, 
no stasis can be produced. These results appear to be 
conclusive, and show that the retardation and ultimate 



• The following conclusions are in the main those arrived at by 
FrofeFsors Strieker and Bordon-Sanderson. 
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ttagoation of the blood-stream in inflammation, are owing 
to some alteration in the vital properties of the walls of 
the blood-vessels with which the circulating blood comes 
into contact. 

The exudation of liquor sanguinis and of white blood-cor- 
puscles, which take place coincidently with the retardation 
of the blood- stream, are so closely associated with it, that 
they must be regarded as being dependent upon the same 
cause. The walls of the blood-vessels appear to become 
so altered, that they not only cause stagnation of the 
circulation, but at the same time permit the liquor san- 
guinis to transude with abnormal facility, and the white 
blood-corpuscles to penetrate them. 

The remaining constituent of the inflammatory process 
—the alteration in the nutrition of the inflamed tissue — 
succeeds the changes in the circulation and the exudation. 
Bespecting the cause of the increased nutritive activity of 
the cellular elements which characterizes this tissue- 
change, it is probable that it is for the most part the 
result of the stimulation of the cells by the liquor sangui- 
nis exuded from the blood-vessels. This conclusion is 
mainly based upon the well-known experiment of Professor 
Strieker, which consists in the excision of the cornea of a 
frog, and its insertion beneath the membrana nictitans of 
the opposite eye, in which inflammation has been pre- 
viously induced. The transplanted cornea, when removed 
in the course of twenty-four hours, exhibits all the inflam- 
matoiy changes observed in the unexcised cornea of the 
opposite eye. Hence Strieker concludes that the structural 
ohanges in inflammation of the cornea of the frog are 
owing to the stimulation of its elements by the liquid 
exuded from the blood-vessels, and are quite independent 
of nervous influence. That the increased nutritive activity 
of the elements of the inflamed tissue is, however, in every 
inflammatory process the result of their stimulation by 
the exuded liquor sanguinis, cannot be regarded as by. 
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any means certain. It is possible that the cellular ele« 
ments may be stimulated to increased activity by meana 
of impressions conveyed to them through the nervoaa 
system, and also that an irritation received by one elements 
may be transmitted to another. This latter hypothesis, 
however, is not a probable one. 



SuppuBATiON. — Suppuration, and the formation of ab- 
scesses, is a very frequent result of the inflammatory 
process; it occurs much more frequently, however, in 
some inflammations than in others. As a rule it may be 
stated that the more intense the inflammation the more 
abundant is the formation of pus. 

The essential constituents of pus, are cells and a liqnid 
in which they are suspended. The liquid closely re- 

Fio. 44. 

JPus-corpwcles^ a» seen a^fter defUh. a. Before, b. after, 
the addition of acetic acid, x 400. 

sembles the liquor sanguinis. It contains albumen, pyin, 
chondrin, fatty matters, and inorganic substances. The 
cells, or pus'corpusdes (leucocytes) are indistinguishable 
from the white corpuscles of the blood. They are spheri- 
cal, spheroidal, or irregular shaped semi-transparent 
bodies, from 7^ to 77^ of an inch in diameter, contain- 
ing a varying number of granules, and usually one or more 
distinct nuclei (Fig. 44.) The addition of dilute acetic 
acid causes the cells to swell up; they become more 
spherical and transparent, and the nuclei are rendered 
more apparent. The size of the corpuscles and nudei» 
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and the number of the grannies present manifold varia- 
tions. Pus-corpuscles, like white blood-corpuscles, lymph 
eorpuscles, and many other young cell forms — all of 
which are included under the common term of " leucocytes'* 
— are masses of contractile protoplasm. They possess 
the power of spontaneous movement, and may undergo 
continuous alterations in form, or migrate in the tissues. 
They may also multiply by division. 

The mode of origin of pus has lately been the subject 
of much controversy. The liquid ingredient proceeds 
directly or indirectly from the blood, it is the exuded liquor 
sanguinis : about this there is no dispute. The difference 
of opinion which exists is respecting the origin of the 
formed elements. Without discussing the theories which 
have been advanced by different pathologists, it must be 
admitted that there are at least two sources from which 
the corpuscles of pus may be derived — one from the hloodf 
and the other from the infia/med tissues. 

It has been seen that in the process of inflammation, in- 
numerable white blood-corpuscles pass out of the vessels 
into the surrounding tissues, and as these are indistin- 
guishable from pus-corpuscles, it must be conceded that 
one mode of origin of pus is from the blood. Further, the 
white blood-corpusdes may multiply by division, and thus 
it is probable that by this means the production of pus is 
greatly increased. 

The other source from which the corpuscles of pus are 
derived, is from the cellular elements of the inflamed tissue. 
These, as has been described, are the seat of active changes 
in inflammation ; they multiply and form new cells, and 
the more intense the inflammation, the more lowly orga- 
nized are the newly formed elements, and the less is their 
tendency to form a permanent tissue. Many of these 
newly formed cells constitute pus-corpuscles; these in 
this case must be regarded as yoang elements resulting 
from the proliferation of the tiasue, which ore of low 
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vitality, and soon perisli. Fns-corptiscles may probably 
originate in this way, from the proliferation of any tissue 
with the exception of nerve, either by simple division or 
by endogenous multiplication. 

Although the formed elements of pas may thus be de- 
rived both from the blood and from the inflamed tissue, 
there can be no doubt that the former is their principal 
source, and that they are in the main migrated blood- 
corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants ; but in the 
later stages it must be admitted that they are also derived 
from the cells of the inflamed tissue. . 

Such being the modes of origin of pus, it is evident that 
the more abundant the escape of blood-corpuscles, and 
the more active the proliferation of the elements of the 
inflamed tissue, the greater will be the formation of pus, 
and hence the greater its tendency to collect so as to form 
abscesses. It is consequently in those inflammations 
which are the most intense — provided that the injury is 
not sufficiently severe to cause instantaneous stasis — ^that 
the formation of pus is most abundant. The greater the 
injury sustained by the walls of the blood-vessels, the 
more readily will the blood-corpuscles penetrate them, the 
more rapid will be the cell-proliferation of the tissue, and 
hence the more abundant the formation of pus. In in- 
flammations of less intensity, the escape of blood-corpuscles 
is less abundant, and the proliferation of the tissue less 
active, so that pus is not produced in sufficient 
quantities to cause its collection in the form of an ab- 
scess. 

When pus is formed in large quantities, it exercises a 
most injurious influence upon the surrounding tissues. 
The pus-corpuscles appear to be endowed with the power 
of absorbing the tissues with which they come in contact, 
or, at all events, of causing their liquefaction. Hence the 
sofibening and disintegration of the tissues which oonsti- 
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tutes sncli a destmctiye element in snppnratiye inflam- 
mations. 

Pas which has remained for any length of time in the 
tissues, undergoes certain changes ; thus its elements may 
undergo fatty metamorphosis, and so be destroyed. If 
the pus is confined in a closed cavity its liquid portions 
become absorbed, its cells atrophy, and it may gradually 
dry up into a caseous mass, which may subsequently 
become calcified. 

Yabietdss or Inflammation. — Inflammations exhibit 
certain variations in their characters according to the 
severity of the irritation of the tissue, an^ the duration 
of its action. Such variations give rise to the division of 
inflammation into ncute and chronic. 

Acute Inflammations. — ^These result from an irri- 
tation of considerable severity, and from one, the action 
of which is for the most part of short duration. The 
resulting changes in the tissue run a correspondingly rapid 
course, and the damage sustained by the blood-vessels 
and textural elements is correspondingly severe. It is 
consequently in these inflammations that the vascular 
phenomena are so pronounced, the exudation of liquor 
sanguinis and of blood-corpuscles — and hence the forma- 
tion of pus — so abundant, and the disintegration and 
softening of the tissue so considerable. The proliferation 
of the textural elements is also very rapid, and the vitality 
of the newly formed cells is so impaired that they have 
little or no tendency to form a permanent tissue. Of 
these acute inflammations, the process that has been 
described as resulting from artificial irritation, may be 
regarded as strictly representative. 

Chrome Inflammaiions. — These differ from the acute, in- 
asmuch as the irritation which causes them is of much less 
severity, and the duration of its action is also usuOrlly much 
more prolonged. The resulting textural change! therefore 
not only extend over a much greater length of time, but the 



208 INFLAMMATION. 

damage sustained by the tissues is mucli less severe. Th^ 
vascular phenomena in these inflammations are conse* 
quentlj not nearly so prominent as in the acute varieties, 
and the exudation of liquor sanguinis and of blood-cor- 
puscles is for the most part not so abundant. The cell- 
proliferation also is less rapid and the vitality of the 
newly formed elements is less impaired, so that they have 
a much greater tendency to form a permanent tissue. 
The ultimate tendency of chronic inflammation, there- 
fore, is to produce an increase in the amount of the in- 
flamed tissue. The newly formed tissue, however, ia 
inferior in its ^organization to the original structure, and 
more prone to undergo retrogressive changes ; and it has 
a constant tendency to approximate to the normal type. 
The less severe the inflammation the more permanent 
and the more highly organized will be the resulting new 
formation. 

Inflammations have also received different names accord- 
ing to the nature of the injury upon which they depend. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are called traumoUic. In 
those cases in which the injurious stimulation of the 
tissue is owing to the transmission of infective materials 
by means of the blood-vessels or lymphatics from some 
local infecting centre, as in pyaemia and acute miliaiy 
tuberculosis, the resulting inflammations are called in- 
fective. Inflammations in which the nature of the injury 
is not obvious, are usually called idiopathic. Lastly, the 
nature of the injury may give to the inflammatory process 
certain peculiarities. The contagium of small-pox, for 
example, gives rise to inflammation of the skin, constitut- 
ing the ''rash"; that of syphilis to certain inflammations 
of the skin, mucous membranes, and other tissues ; and 
that of typhoid fever, to inflammation of the intestinal 
lymphatic structures. In all these and numerous similar 
cases, the nature of the irritant impresses upon the in* 
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flammatioii certain pecnliarities, and in so far as tHe 
former is specific, the latter may be called specific inflam- 
mations. 

The pathology of inflammation will be still farther 
elucidated by the study of the process as it occurs in the 
various tissues and organs. To this end are devoted the 
next following chapters. 



CHAPTER XXVII. 

INFLAMMATION OF NON-VASCULAR TISSUES. 

INFLAMKATION OF CAATILA.&E. 

The phenomena of inflammation in cartilage have been 
principally studied by the artificial irritation of the arti- 
cular cartilages iq the lower animals. They consist in 
changes m the cartilage itself, and in the vessels of the 
adjacent synovial membrane and bone, from which the 
cartilage receives its nutritive supply. Respecting the 
vascular changes, these are such as have been already 
described as characteristic of inflammation. 

In the cartilage itself, the cells enlarge within their 
capsules, their nuclei become more prominent and their 
protoplasm more granular. The cells then divide and 
multiply, so that each cavity contains numerous young 
cells which ultimately closely resemble pus-corpuscles. At 
the same time the capsules are destroyed, and the inter- 
cellular substance softens and breaks down into a finely 
granular material. (Fig. 45.) As the intercellular sub- 
stance becomes destroyed, the newly-formed cells and 
granular debris escape from the surface of the cartilage, 
which thus becomes irregular, presenting numerous eleva- 
tions and depressions: this is ulceration of cartilage. 
Whilst these changes are taking place in the cartilage 
itself, the enlarged vessels of the adjacent synovial mem- 
brane and bone extend over its surface and also penetrate^ 
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its snbstatice ; anmeronB new vesaela being formed. This 
process of softening and TilceratioD maij go on until the 
ca^til^^^ is completely dostrojed, lint it may become 
arrested. In the latter case the newly -formed cells, in- 
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stead, of continuing to break down, form a grannlatiDii- 
tissne which Babseqnently fibrillates, and the lost cartilage 
thus becomes replaced by fibroos tisane. 

When the inflammation is less severe and rans a more 
chronic conrse, the cetl-proliferation is not so rapid, and 
the intercellular snbstance is less destroyed. The newly- 
fonned cells are more highly organized, and many of them 
form a fibrillated tissue ; others . undergo retrogressive 
changes, and thus inegnlar cavities are produced in the 
fibrillated cartilage. 

TSTLuaunas o» ths cobjiea. 

The process of inflammation, as it occurs in the cornea, 
has been chiefly studied in the frog. After irritation of the 
frog's cornea, the earliest changes observed consist in the 
conjonctiTal epithelinm becoming visible, and the appear- 
ance amongst the epithelial cells of a few white blood-cor- 
puBdes (leucocytes) which have probably escaped from the 
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hypenamic vessels of the conjunctiTa. The cornea-cor- 
puscles and their prolongations then become visible (they 
are invisible in the healthy cornea, which appears per- 
fectly structureless), and the prolongations are the seat of 
slight amceboid movements. At a somewhat more ad- 
vanced stage, the cornea-corpuscles become altered in 
form, their prolongations become much shorter, they 
lose their stellate outline, and g^radually assume more 
the appearance of cartilage-cells. The next change ob- 
served in the enlarged and rounded corpuscles consists in 
their proliferation, and in the place of each corpuscle is 
seen a dump of young, round, amoeboid cells, many of 
which are indistinguishable from the living corpuscles of 
pus. 

Whilst these changes are taJdng place in the corptLScles 
of the inflamed cornea, the intercellular substance gra- 
dually becomes increasingly opaque, owing to its infiltra- 
tion with young cellular elements (leucocytes). These are 
so numerous and increase so rapidly, that they must un- 
doubtedly be regarded as in the main emigrant white 
blood-corpuscles ; although from the changes observed to 
take place in the earlier stages of the process in the fixed 
elements of the cornea, it must be admitted that they are 
partly derived from the proliferation of the cornea-cor- 
puscles. As the number of these young elements increases 
the consistence of the cornea becomes diminished, until 
ultimately the tissue breaks down and is destroyed. 

The inflammatory process may continue until the whole 
of the substance of the cornea is destroyed ; or it may 
become arrested. In the latter case more or less thicken- 
ing and opacity of the cornea will result, owing to the 
increase in the number of cells and the changes in the 
intercellular substance. 



CHAPTER XXVIIL 

INFLAMMATION OF VASOULAE CONNECTIVE TISSUES, 

INFLAMMATION OP COMMON CONNECTIVE TISSUE. 

Common connective tissne is one of the most frequent 
seats of the inflammatory process, not onlj the snbcuta- 
neons connective tissne, bnt also the connective tissue of 
organs and of other parts. 

If connective tissne be examined a few honrs after the 
infliction of an injnry, it will be found that in place of the 
fibrillated substance and fixed connective-tissue corpuscles 
« of which it is normally composed, the tissue is infiltrated 
with amoeboid cells (leucocytes), and that the fibrillated 
intercellular material has become homogeneous and gela- 
tinous in consistence. The number of these cells gradually 
increases, and the intercellular substance gradually becomes 
more completely destroyed — being probably consumed by 
the newly-formed elements ; so that ultimately the tissue 
eonsists almost entirely of small round cells held together 
by a very small quantity of soft gelatinous intercellular 
material. 

Bespecting the source from which these young elements 
are derived — i.e., how far they are emigrants, and how far 
they are the offspring of the cells of the connective tissue — 
there appears to be little doubt that they are almost entirely 
emigrants. Although it was formerly supposed that the. 
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connectiye-tissTie corpuscles multiplied very rapidly in 
inflammation, and that the newly -formed cells were en- 
tirely the result of their proliferation, the recent investi- 
gations of Professors Gohnheim and Strieker show that 
this view is erroneous; and according to Cohnh^m» 
these corpuscles take no part whatever in the inflam- 
matory process. Professor Strieker, however, has ob- 
served them undergoing active movements in the inflamed 
tongue of the frog, and although he has never seen them 
divide, he concludes that, like the elements of most other 
tissues, they probably do so in the later stages of the 
inflammatory process. The present state of our knowledge 
respecting inflammation of connective tissue would there- 
fore appear to justify the conclusion that in the early 
stages of the process all the young cells are emigrants, 
but that most probably in the later stages many of them 
are derived from the proliferation of the connective-tissae 
corpuscles. 

Such being the nature of the changes which more im- 
mediately follow injurious stimulation of the connective- 
tissue — ^the inflammatory process may terminate in reso^ 
luHon, in orgamzation^ or in guppwrcdion. 

Besoltjtion. — ^If the injury sustained by the tisfrue is 
not severe, the inflammation may gradually subside, the 
process terminating in resolution. In this case the hyper- 
emia diminishes, the emigration ceases, the young odls 
undergo fatty metamorphosis and thus become absoriwd, 
possibly also some of them again enter the blood- vessels 
and lymphatics, and* the tissue gradually returns to its 
normal condition. 

Ob&anization. — If the inflammatory process does not 
terminate in resolution, many of the young cells may be- 
come more folly developed and ultimately form a fibroiis 
tissue. This orgcmization of the inflammatory formation 
is seen in the healing of wounds by the " first intention,'* 
and also in^ many of the interstitial inflammations 
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(cirrlioses) of the kidney, liver, and other organs. In order 
for it to occur it is necessary that there should be a consi- 
derable diminution in the intensity of the inflamma- 
tion. 

The process of organization takes place by the produc- 
tion of new capillaries and by the development of the 
young cells into a granvlation'tiasue. This granulation- 
tissue consists entirely of young cells, which must be re- 
garded • as exhibiting a higher stage of development than 
the primary amoeboid cells (leucocytes) of the inflammatory 
formation. They are spherical masses of protoplasm from 
TTinr to toVt of an inch in diameter, containing a distinct 
round or roundly-oval nucleus, which often only becomes 
visible after the addition of acetic acid (see Fig. 19) ; and 
although they exhibit slight amoeboid movements, they 
are much less active than the emigrant blood-corpuscles. 
The further organization of the growth takes place by the 
development of this granulation-tissue into a flbrillated 
structure. Many of the granulation-cells gradually assume 
a spindle shape, whilst others disappear, the intercellular 
substance flbrillates, most of the newly-formed capillaries 
become obliterated, the remaining cells ultimately be- 
come fixed connective-tissue corpuscles, and the tissue 
is thus converted into a fibrous structure. This new 
fibrous tissue is characterized by the contraction which it 
undergoes subsequently to its formation. It is known as 
dGotrioial tissue. 

SuFFUBATiON. — Whcu the injury sustained by the tissue 
is so severe, or so prolonged in its action as to prevent 
the occurrence of resolution or of immediate organization, 
the young cells infiltrate the tissue in such numbers that 
they may accumulate so as to constitute pus. The pus 
may either become collected together within the tissue so 
as to form an abscess, or it may be continuously dis- 
charged from the surfeuse as in a granulating wound. The 
deletenous influence which the pus exercises upon the 
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tiwaea with which it oomeB in contact, oaasmg thsir d» 
Rtmction koA absorption, has alreadj been alluded to. 

Organizaiion after Suppuration. — Thie oonstitntM what 
is generally known as healing by graimlation, or bj- the 
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teeoni mUntion. It takes place in wonnda, in whiob, 
from the non -apposition of the wounded Btufaces, union 
by the first intention has not been effected ; and in otb« 
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lesioeiis in which the injured tissue presents a free surface 
communicating with the external air, as in an ulcer. The 
process of repair after the separation of a dead part 
(demarcation and separation) is in the same way effected 
by g^ranulation, as is also the closing of the cavity left 
after the discharge of the contents of an abscess. In all 
these, and similar cases, the inflammation and suppu- 
ration of the tissue are followed by the formation of 
granulations, and the subsequent development of i^ese 
into a flbrillated structure. 

The process of organization in these cases is effected in 
the first place by the development of the young cells in 
the superficial layers of the inflamed tissue into a granu- 
lation-tisBue, in the same manner as when there is no sup- 
puration. This granulation-tissue, however, being situated 
superflcially, and coming into contact with the external 
air, becomes arranged in the form of small papiUiform 
nodules, which are known as granvulations. This arrange- 
ment of the granulation-tissue in the form of granulations, 
appears to be determined by that of the new capillary 
blood-vessels which are developed so rapidly in it. These 
vessels form little vascular loops, and the young cells are 
arranged round them, so that each loop corresponds with 
a single granulation. The deeper layers of the granula- 
tion-tissue gradually become developed into connective- 
tissue, whilst the cells on the surface of the granulations, 
together with the liquids exuded from the subjacent 
vessels, are discharged in the form of pus. (Fig. 46.) 

• 

IKPLAHMATION OP BONE. 

Inflammatory processes in bone,, give rise for the most 
part to an increase of medullary tissue and to softening 
of the osseous structure. 

The process takes place in the vascular medullary 
tissue. This becomes infiltrated with amoeboid elements 
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which have emigrated from the hypersBmic Tessels. The 
oells in the meduUaiy spaces and Haversian canals enlar^ge 
and mnltiplj, in those which contain fat — ^the adipose 
cells — the fat is first removed, and thns a tissue is formed 
similar to that met with in the medolla daring the pro- 
cess of its development. This consists of nnmerons small 
round cells, larger cells containing several nuclei closely 
resembling the '* myeloid cells," and a scanty soft inter- 
cellular substance. Whilst these changes are takin|^ 
place in the medullary tissue, the surrounding osseous 
lameUfiB are gradually absorbed, the lime salts are removed, 
and in this way the medullary spaces and Haversian 
canals increase in size and ultimately become confluent. 
There is thus a new formation of medullary tissue at the 
expense of the compact osseous structure, and the bone 
becomes exceedingly spongy, soft, and vascular. 

As the process proceeds, and the cellular infiltration 
and formation of medullary tissue increase, the latter may 
ultimately make its way through the bone and appear as a 
fungating mass (granulations) beneath the periosteum or 
the articular cartilage. The extent of pus-formation will 
depend upon the severity of the inflammatory process. The 
pus may either accumulate within the cavities formed in 
the bone, or — as the osseous structure is absorbed and the 
medullary tissue becomes superflcial — make its way to 
the surface. 

The suppuration and rapid growth of tissue, may he 
the cause of most deleterious ulterior changes in the bone. 
Owing to the interference with its vascular supply, which 
results fiom the pressure exercised by the pus and new 
tissue as it is confined within the unyielding osseous walls, 
or to the accumulation of pus beneath the periosteum, 
smaller or larger portions of the bone may lose their 
vitality (Necrosis), and the sequestra acting as foreign 
bodies keep up the inflammatory process. In other cases 
the bone undergoes a process of molecular disintegration 



J- 






Uv 



INFLAMMATION OF BONE. 219 

(Caries). As the inflammatory process ceases, or when 
from its commencement it is less severe, the newly-formed 
tissue may become organized and form a compact osseons 
structure, which in some cases is denser than the original 
bone (Sclerosis). 



4^ 



CHAPTER XXIX. 

INFLAMMATION OF BLOOD-VESSELS AND HEAET. 

INFLAMMATION OF BLOOD-VESSELS. 

Inflammatobt processes, both in the arteries and veins, 
are not unfreqaently associated with the softening and 
breaking down of coagola which have formed within the 
vessels, the softened coagulnm being the cause and not 
the result of the inflammation. A description of these 
will be found in the chapter on '' Thrombosis." Indepen- 
dently of thrombi, it is in the arteries that inflammatory- 
changes are most frequently met with ; where they give 
rise to the various alterations in the walls of the vessel 
usually known as Atheroma, 

Atheboma. — The changes in the 6.rteries known as 
cUheromatous, have their seat in the deeper layers of the 
inner coat. In the earliest stage of the atheromatous pro- 
cess the fibrous and elastic lamellsB of the inner coat of the 
vessel become infiltrated with young cells, which are pro- 
bably partly emigrants, and partly derived from the pro* 
liferation of the cells of these structures. As these young 
cells increase in number they g^ve rise to a swelling 
beneath the innermost layers of this coat of the artery. 
(Fig. 47.) This swelling of the intima is very charac- 
teristic. It is, in the earlier stage of the process, of a soft 
flabby consistence, and the lining membrane which is 
continuous over it can readily be sapped ofi*, leaving the 
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diseased tisBue bene&th. It tlma controfits strongly vitb, 
the superficia,! patches of fatty degeneration which result 
from the passive metamorphoaia of the anperficial epithe- 
lial and connectiTe-tisBae cells of the vessel. (" See Fatty 
D^eneration of Arteries.") 

The tenniuation of the inflammatory process will de- 
pend apoQ its severity. If the process is very aicnte and 
the yonag elements accnmolate rapidly, the intercellnlai 
snbstanca becomes completely destroyed, and a p»eiido- 




ChrtmiC atAfromattma change in an artery Showini^ the 
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dbicets is formed beneath the lining membrane of the 
vessel. The lining membrane may nltimstely give way, 
and the softened matters be carried away by the circola- 
tion, and thaa is produced the atheromatoug tdcer. It is 
these acute arterial changes which are such a fertile 
oanse of the formation of an^nrism. 

If the process be less acute, and the accnmtdation of cells 
less abundant, the destzuctdon of 'Qh intercellular snb- 
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stance is much less complete. The young cells nndergo 
fatty degeneration, the more liquid constitnents of the 
degenerated tissue gradnallj become absorbed, and thus 
a ecbseotta itiom, consisting of broken-down fibres and cells, 
fatty debris and cholesterin, with a varying quantity of 
the original fibrillated tissue, remains in the deeper layers 
of the inner coat. (Fig. 47.) This, like other caseous masses, 
may subsequently calcify and so form a calcareous plate. 
In the most chronic forms of the atheromatous process 
there is no sofbening of the new tissue, but the cells 
become organized into a fibrillated structure, and thus 
is produced a fibroid thickening of the inner coat of the 
artery. The organization, however, is rarely complete, 
more or less fatty debris being usually enclosed in the 
fibrous stroma. 

INFLAMMATION OF THE HEABT — ^ENDOCAKDITIS. 

Inflammatory processes in the heart, although they some- 
times occur in the muscular substance (Myocarditis), are 
for the most part met with in the endocardium. Here they 
closely resemble those occurring in the internal arterial 
coats which constitute atheroma. The endocardium and 
inner coat are very analogous in their structure, both being 
ahnost non -vascular and consisting of fibrous and elastic 
layers with an internal epithelial covering. 

These processes in the endocardium are almost ex- 
clusively confined to the left cardiac cavities, and in the 
great majority of cases commence in, and rarely e^ctend 
beyond, the confines of the aortic and mitral valves and the 
corresponding orifices. Further — it is those portions of the 
valves which come into contact in the act of closure and are 
thus most exposed to friction, which are especially involved, 
and in which the changes usually commence. Thus, tji the 
aortic valves, it is the convex surfaces of the segments 
which are most liable to be affected, and not the free 
edge of the segment, but the little band of tissue which 



EmX)CARDITTS. 22S 

passea from its attached border to the corpos Arantii in 
the centre ; and in the mitral valve, the anricnlar norface 
of the Hegments at a little distance from the attachment 
of the chordffi tendinefe. 

Bndocarditia msij be either acttte or chrottio. In both 
cases the process has it« seat in the Bnb-epithelial tiasne. 

Acute ENDOCiEDrris. — If the process be acute, the 
deeper layers of the endocardium become rapidly infil- 
trated with yonuf; cells, and as these increase in number 
the intercellular substance becomes softened and de- 
stroyed, and thus is produced a soft tissue composed 
almost entirely of cells such as always reaults from inflam- 
matory processes in connective tissue. The new tissue as 
it increases may tilt up the auperfacent epithelium, and 
prciject in the form of minute granulations and vegetations 
upon the surface of the softened valve. 

The above changes take place in an almost non-vascnlar 
tissue, and although there is more or less increase of 
vascularity in the more external endocardial layers, where 
the capillaries are more numerous, there is rarely any- 
redness or injection of the endocardium seen after death. 
Neither is there nsoally any liquid exuded upon the 
Fio. m. 




Acute eitdocardltii. A grnnnlatioii from the mEtnl 
valve, showing * flbriDOUB coagnliini npoa the aur- 
face of the gisDnlatian. x 10 (RiudfleiBck). 

surface of the gr&nulations. What was formerly regarded 
as an exuded material, is in the main fibrin, which has 
been deposited from the blood npou the roughened aurfaoe 
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of the valve. • This deposition of fibrin frequently occurs 
in endocarditis, the roughened and abnormal endocardium 
acts as a foreign body, and so causes a deposition upon 
its surface. This must not be confounded with the 
vegetations themselves. (Fig. 48.) 

If the inflammatory process is very acute, the whole of 
the new tissue may break down, and thus a loss of sub- 
stance result — an endocardial ulcer. This takes place with- 
out any accumulation of cells sufficient to form an abscess, 
the new tissue simply becoming rapidly softened and dis- 
integrating. In rare cases, however, small quantities of 
pus are found in the deeper endocardial layers. The ulcer 
is irregularly defined, and its edges are usually swelled 
and thickened. This ulceration may lead to perforation 
of the valve, or to a considerable destruction of its sub- 
stance. Laceration or aneurism may also ensue from 
the pressure exercised by the blood against the damaged 
tissue. 

If the process be less severe, and the disintegration of 
the new tissue less complete, the latter becomes incom- 
pletely organized into a fibrillated structure, whilst it un- 
dergoes, in part, fatty and calcareous degeneration. These 
changes may result in the adhesion of the valves, either to 
one another or to the walls of the heart. They always 
produce permanent thickening, rigidity, and shrinking of 
their structure. The new tissue may continue to grow 
after the severity of the process has subsided, and thus 
are produced the vegetations and papillary excrescences 
on the valves which are so commonly met with. Thes^ 
consist of a lowly-organized tissue, which quickly under- 
goes fatty and calcareous changes. 

Chbonic Endocabditis. — ^This maybe the sequel of acute 
inflammation, or the process may from its commencement 
be chronic in its nature. In chronic endocarditis the for- 
mation of new cells is much less rapid and abundant than 
in the acute form ; the intercellular substance consequently 
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becomes macli less softened and destroyed, and the new 
tissue has a mnch greater tendency to become developed 
into a fibrillated structure. The extent to which the new 
tissue becomes organized, however, varies. It may 
undergo partial retrogressive changes, and thus a loss of 
substance result (ulceration) ; or the organization may be 
more complete and lead to a fibroid thickening of the 
endocardium. In the latter case considerable induration 
and contraction of the valves or valvular orifice will 
result. The new tissue frequently forms papillary growths 
on the valves, which undergo partial fatty and calcareous 
changes. 



CHAPTER XXX. 

INFLAMMATION OF LYMPHATIC STRUCTURES. 

Inflammatory processes in lympliatic structures nsnaHj 
result from their irritation by substances conveyed to 
them by the Emphatic vessels. They include—octtte 
and chronic inflammations, and the inflammation asso- 
ciated with Typhoid Fever, Each of these must be con- 
sidered separately. 

ACUTE INPLAMMATION OF LYMPHATIC STEUCTURES. 

Examples of acute inflammation of lymphatic structures 
are furnished by the inflammation of the glands in the 
axilla from a wound on the hand, of the glands in the 
groin from gonorrhoea, and of Peyer's and the soKtary 
glands in the intestine from inflammation of the intestinal 
mucous membrane. 

The process consists in a rapid increase in the number 
of the lymph-corpuscles in the gland, which at the same 
time becomes exceedingly vascular. This increase is pro- 
bably due, partly to a hyperplasia of the original cells of 
the gland, and partly to the migration of blood-corpusdes. 
The corpuscles not only increase in number, but many of 
them become much larger in size, and contain several 
nuclei The cells of the trabeculae may also multiply. 
The gland thus becomes considerably increased in size,, 
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soft and pulpy in consistence, and its cortical and 
medullary parts are no longer distingnishable. 

Upon the removal of the source of irritation the process 
may gradually subside, the new elements undergo dis- 
integration and absorption, and the gland return to its 
normal condition (Besolution). In other cases the process 
goes on to suppuration, the trabeculsd are destroyed, 
many of the cells become disintegrated, and the loculi of 
the gland become filled with pns. This is usually asso* 
ciated with inflammation and suppuration of the sur- 
rounding connective tissue. In the glands of a mucous 
membrane the process gives rise to what is known as a 
follicular abscess. 

CHBONIC INFLAMMATION OF LYMPHATIC STRUCTURES. 

Chronic inflammation of lymphatic structures results 
from irritations which are less severe 'and more prolonged 
in their action than those which give rise to the acute form. 
The resulting hyperplasia of the elements of the gland 
is consequently a more continuous one, and the gland 
becomes more or less permanently increased in size. This 
hyperplasia takes place not only in the lymph-corpuscles, 
but subsequently also in the blood-vessels and reticulum, so 
that all the component structures of the gland become 
increased. The newly-formed lymph-corpuscles, however, 
have a great tendency to undergo fatty metamorphosis,, 
and the gland either in whole or in part frequently 
becomes caseous. This is especially the case in the glands 
of scrofulous subjects. The caseous glands may sub- 
sequently sofben or become calcified. These retrogressive 
changes are probably in great measure owing to the 
obliteration of the blood-vessels, which may ultimately 
result from the crowding of the cellular elements in the 
gland* They are often associated with a considerable in- 
• crease in the reticulum and fibrous structures of the gland ^ 

Q 2 
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nrFLAMMATION 07 LYMPHATIC STBX7CTUBES IN TTFHOIB PSTEB. 

The inflammatoTj processes which oecnr in the 
lymphatic stractnres in Typhoid Feyer, have their seat 
in the spleen, in the lymphatic stractnres of theintestiiieb 
and in the mesenteric glands. 

The Spleen. — In the spleen the change resembles that 
which occurs in many of the othei: acute febrile diseases, 
although it reaches its maximum in typhoid. The 
lymphatic elements increase rapidly in number. The 
organ becomes exceedingly vascular, and often attains 
two or three times its natural size. Many of the new 
elements enter the blood, thus causing a slight temporary 
increase in the number of white blood-corpusdes. As the 
fever subsides, the hypersamia diminishes, the hyper* 
plastic process ceases, many of the new elements undergo 
disintegration and absorption, the remainder enter the 
blood, and thus the organ again attains its normal 
characters and dimensions. 

The Intesti/ndl Lymphatic Btructwree. — ^It is in the 
solitary and Peyer's glands that the most characteristic 
changes take place in typhoid fever. These structures 
may be involved throughout the whole of the small and 
large intestine, but in most cases the process is limited to 
those, in the ileum and csscum; and those glands are 
always the most affected which are situated the nearest 
to the ileo-csBcal valve. 

The primary change here consists in an increase in the 
vascularity of the glands, and in a general proliferation 
of their lymphatic elements. Both Peyer's. patches and 
the solitary glands thus become considerably enlarged 
and prominent, standing up above the surface of the 
intestine. They are of a greyish-white or pale reddish 
colour, and of a soft, brain-like consistence. The sur- 
rounding mucous membrane is also exceedingly vascular, 
and is the seat of an acute catarrhal process. This 
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catarrh is more or less general, and nsnaUy precedes the 
swelling of the glands. The new growth, in many parts, 
rapidly extends beyond the confines of the glands into 
the immediately surronnding and subjacent tissnes, and 
even in some cases into the mnscnlar coat. It may thus 
be said to become heteroplastic. 

The process now passes into the second stage — ^that of 
the death and disintegration of the newly-formed tissue. 
This may terminate in various ways. The enlarged 
glands, many of them, subside, the new elements 
become disintegrated and are absorbed, and the gland 
thus undergoes a gradual process of resolution. In 
others, the individual follicles of the gland rupture, dis- 
charging their contents externally, and the patehes then 
acquire a peculiar reticulated appearance. The most 
characteristic termination, however, of the typhoid process, 
is the separation of the dead tissue as a slough, and the 
formation of the typhoid rdoer: 

The process of sloughing and ulceration may, like that 
of proliferation, take place uniformly throughout the 
whole gland, in which case the whole mass is thrown off, 
leaving an ulcerated surface corresponding in size with 
that of the gland. More commonly, however, in the 
patches, the sloughing takes place in different portions 
of the patch, and small irregular losses of substance 
result, which may gradually extend until they form one 
large ulcer. 

Although, as already stated, the new growth may 
extend beyond the confines of the glands, this is rarely 
the case with the ulceration. The heteroplastic growth 
undergoes resolution, and hence the ulcers have the same 
configuration as the original glands; those originating 
from the patches being oval, with their long diameter in 
the direction of the gut; and those originating in the 
solitary glands being spherical in shapes In rare cases, 
when there is much infiltratios of the surrounding mucous 
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membrane, the ulceration may extend slightly beyond the 
confines of the glands. 

With the slonghing and disintegration of the new 
tissne, the process of proliferation ceases, ftnd hence there 
is no indnration or thickening of the base or edges of the 
nicer. The base is smooth, and is nsnally formed of 
the submucous or muscular coat of the intestine. The 
edges are thin and undermined, and consist of a well- 
defined firinge of congested mucous membrane. (Fig. 49.) 

Fio. 49. 




A Tffphcid Ulcer of the IntesttTte (diagratnmaHc). Show- 
ing the undenmned edges of the ulcer, and the slough still 
adherent, a. Epithelial lining. 6. Submucous tissue. 
c Muscular coat, d. Peritoneum. 

This is best seen when the gut is floated in water. In 
some cases, however, the sloughing extends deeper 
through the muscular layer to the sub-peritoneal tissue, 
and it may thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrization. 
This takes place by the resolution of the peripheral 
heteroplastic growth, the approximation and union of 
the undermined edges with the floor of the ulcer, and the 
gradual formation from the margin of an epithelial 
covering. The gland-structure is not regenerated. The 
resulting cicatrix is slightly depressed, and \e^ vascular 
than the surrounding mucous membrane. There is no 
puckering or diminution in the calibre of the gut. In 
some cases, however, cicatrization does not take place so 
readily, and the floor of the ulcer becomes the seat of a 
secondcvry ulceration. This usually takes place after the 
general disease has run its course, or during a relapse. 
Profuse haemorrhage and perforation more commonly 
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result from this secondary nlceration than from the 
primary sloughing of the glands. 

The Mesenteric Glands, — The change in the mesenteric 
glands is probably secondary to that in the intestine. 
These glands become the seat of an acute hyperplasia, 
and are enlarged, soft, and vascular .^ They usually, like 
many of the glands in the intestine and the spleen, 
undergo a gradual process of resolution, and thus return 
to their normal condition. In rare cases, however, the 
capsule of the gland is destroyed, and the softened 
matters may escape into the peritoneal cavity, and so 
cause peritonitis. The enlarged glands may also become 
caseous, and subsequently calcify. 



CHAPTER XXXI. 

nn^LAHMATION OF MUCOUS MEMBRANES, 

Ik mucous membranes inflammatory processes are divided 
into cata/rrhal, and croupous or fihrmous inflamma- 
tions. 

Oatabilhal Inflammatiok. — Gatarrlial inflammation, 
or as it is more commonly called cata/rrh, is much the 
more frequent. In its milder forms this is characterized 
mainly by an increased secretion of mucus. There is 
merely an increase in the normal multiplication of the 
epithelial cells, together with some hypersBmia of the 
membrane. The small, spherical, newly-formed cells 
which constitute the mucus-corpuscles are produced with 
increased rapidity, the hquid which transudes from the 
blood-vessels is more abundant, and the result is an in- 
creased secretion of mucus, rich in corpuscular elements. 
These young cells are many of them emigrant blood- 
corpusdes, others are produced within the epithelial cells 
by endogenous multiplication. As the proliferation con- 
tinues, many of the epithelial elements become loosened 
and are discharged with the mucus, and within these 
groups of bodies may occasionally be seen, which are 
evidently young mucus-corpuscles. (Fig. 50.) The se- 
cretion of the mucous glands is also increased. Owing 
to these changes, the mucous membrane becomes swelled 
and abnormally vascular. The increased vascularity is 
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evidenced hj Todnesa daring life, but after death the blood 
nsaally passes out of the TeBBsU, and the membrane may 
look paler than natnral. 




Calarrhal Inflanmation qf the CoTdandtna a, EpHhehnm 
b, Bub-«pithelUl conDectiTe tisene. ShowiDg the proHferstloD 
of the Epithelium, and the origin of the Tonng elemente within 
the epithelial cells. (RindSeiBch.) 

If the irritation is more severe, the prododJoiL of yoimg 
elements is more rapid, they are smaller and not so well 
developed, the epithehom loosfflts and falls off more readily, 
and the secretion becomea poriform from the great qiuD' 
ber of corpascnlu' elements which it contains. Many of 
Uieae elements are indistinguishable from pns-corpnsdeB) 
others are somewhat larger and resemble the corpnsclesof 
normal mnons. Between the corpnBcles of mncns and 
pas there is no line of demarcation, the one passing by 
insensible gradations into the other. The former an 
somewhat larger and more regular in shape than tiie 
latter, and osnally contain only a single nnclens. As the 
process continnes the snb-epithelial tiasne is inadnally 
involved, and becomes infiltrated with yonng cella. Owing 
to the loss of epithelium, the anrface of the membrane 
may at the same time become more or less irregular, and 
present uomerons iir^^ular abrasions or ulcers. 
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These changes in the mttcous membrane itself are 
accompanied by a hyperplasia of the lymphatic structures 
which it contains. The lymph-follicles become enlarged 
from the multiplication of their elements. Their contents 
may soften and form a minute pseudo-abscess, and this 
bursting gives rise to a small ulcer. These are the follicular 
ulcers so often seen in catarrhal conditions of the pharynx 
and intestines. The ulceration in some cases extends 
beyond the confines of the follicle. The proper glandular 
structures may also become involved. Their epithelium 
multiplies, the glands become choked with the epithelial 
elements, and subsequently atrophy. This is seen in 
catarrh of the stomach. 

The acute process may quickly subside, or it may 
become chronic. In the latter case the vascularity 
diminishes, but the multiplication of elements continues 
both in the epithelial and sub-epithelial tissue, as does 
also the increased secretion of mucus (suppuration) ; the 
latter becoming thicker and more puriform in character. 
If this continues for any length of time, the membrane 
becomes permanently thickened, the sub-epithelial tissue 
increases in amount, the lymphatic structures become 
more or less permanently enlarged, and abrasion or ulcera- 
tion of the membrane may ultimately result. The 
enlargement of the lymphatic structures often gives to 
the membrane a nodular or granular appearance : this is 
weU seen in the pharynx (foUicular pharyngitis). In 
some situations, as the stomach and intestine, the 
membrane often at the same time becomes deeply 
pigmented. 

Oeoupous or Fibringus Inplammation. — ^This is a more 
intense form of inflammation than the preceding, and is 
characterized by the large proportion of fibrin which the 
exuded liquids contain. The fibrin coagulates within 
and upon the surface of the membrane. Fibrinous inflam- 
mation may be induced artificially by severe irritants^ 
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and it occurs in croup, diphtheria, and in some cases of 
dysentery. 

At its commencement the process is simply a severe 
catarrhal one, consisting in an increase in the vascularity 
of the membrane, together with an exudation of liquor 
sanguinis and blood-corpuscles, and proliferation of the 
epithelial elements. The proportion of fibrin exuded, 
however, is much greater than in the less severe catarrhal 
inflammation, and this coagulates more or less completely 
within and upon the surface of the membrane, enclosing, 
as it does so, the innumerable newly-formed cell-struc- 
tures. 

Croup. — In croup the exuded fibrin coagulates princi- 
pally upon the surface of the membrane, where, together 
with the newly-formed cellular elements, it forms the 
false membrane. This, which can readily be removed from 
the subjacent epith^al layers, consists of amorphous or 
finely fibrillated fibrin enclosing innumerable epitheHal 
cells and pus-corpuscles. In consistence it varies con- 
siderably, being in some cases firm and 'tough, in others 
soft and amorphous. After its removal, the membrane 
is left partially deprived of its epithelium. If the process 
subsides the epithelium is reproduced and the part returns 
to its normal condition ; but if it continues, a fresh false 
membrane is formed. As the inflammation extends down- 
wards into the trachea and bronchi, a gradual transition 
may often be observed from croupous to catarrhal inflam- 
mation. In the upper part of the air passages, where 
the process is most intense, the exudation is fibrinous, 
but in pas&ing downwards, where it becomes less severe, 
the membrane is simply coated with mucus. 

Diphtheria. — In diphtheria, the exuded liquids also 
contain a large proportion of fibrin. The textural change 
differs, however, from that in croup, inasmuch as the 
submucous tissue becomes more extensively involved, and 
the fibrin coagulates not only upon the surface but more 
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especiallj witiiin the substanoe of the membrane ; and 
hence it cannot be so readily removed. The pressnre 
exercised by the eznded substances and by the new growth, 
interferes with the circnlation, and so causes the death 
and sloughing of portions of the membrane ; the slough, 
after it has separated, leaving a considerable loss of 
substance. 



CHAPTER XXXIL 

INFLAMMATION OF SEEOUS MEMBRANES, 

IvFLAMMATORT processes in serous membranes vary in 
their intensity, and in the amount and character of the 
effusion. 

The process commences, as in mucous membranes, with 
hjpersamia, exudation of liquor sanguinis and migration 
of blood-corpuscles, together with increased activity of the 
epithelial elements. The epithelial cells enlarge and become 

Fio. 51. 




If^kaned Epiploon qf a SabbU. Showing 
the endogenous proliferation of the epithelial 
cells. X 260. (Gomil and Banvier.) 

more granular, theirnudei multiply, and thus several new 
elements are formed within a single cell (endogenous multi- 
plication), from which they subsequently escape, and in this 
way a number of new cells are produced. (Fig. 51.) The 
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Bmall, ronud, newlf-formed elements, together with Bome 
of the older celle, and a large nnmber of emigrant blood- 
corpnadea, escape with the exuded liqnor aanguinia into 
the seroaa ca.Tity,wherethe7majooiitiikaetoeihibittkeir 
formatire activity. 

Owing to theae changea the membrane loaea its na>tnral 
smooth aud glistening appearance and becomes opaqne, 
roaghened, and eiceedmglj vaacolar Its surface at the 
same t me becomes covered with a fibnnons layer and 
more or leas hqn d transudes into ta cavity The fibrin, 
which ezudea from the vesaola and subBeqneutlj coaga- 
lates, exiats as a soft elast c membranoaa or reticulated 




Injlamnuttion fiflhedidpttragmaticpjfura. Show- 
ing ihe adhorenl flbrinous layer, a. MuBOoiiu- coat 
of diaphragm. 6. Sub-Berons tisBne. c. Serous 
msmbnuie. t, Fibriaoas Ujrer. x 400. (Riad- 

investment, either glueing the two surfaces of the mem- 
brane together, or, if they are separated by liquid effnaion, 
forming a shghtly adherent layer. (Fig. 52.) The emded 
liquid varies conaiderablyin amount, and is always turbid, 
thus differing from non-inflammatory effuaions. It con- 
tains flakes and maaaes of coagulated fibrin and innu- 
merable cell-atrnctores, the latter being in the earliesl) 
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stages of the process almost entirely emigrants. Similar 
elements are embedded in the adherent fibrinous layer. 

The nature of the subsequent changes will depend upoTl 
the intensity of the inflammation, and upon the amount 
of liquid exuded into the serous cavity. If the inflam^ 
matory process subsides, and the liquid exuded is not 
suf&cient to prevent the two surfaces of the membrane 
from coming into contact, they grow together and form 
an adhesion. This constitutes the so-called adhesive m- 
Jlamvmation» The union is effected by the formation of 
fibrous tissue. The small round cells embedded in the 
fibrinous layer become elongated and spindle-shaped, and 
form connective-tissue cells; the fibrin fibrillates, and 
numerous new vessels are formed. Many of the latter 
atjophy and disappear as the organization becomes com* 
plete. The process is thus precisely similar to that which 
takes place in the union of an incised wound. It is pro- 
bable also that in some cases union may take place 
without the intervention of any fibrinous layer, by the 
formation and growing together of irregular papillary 
outgrowths from the sub-epithelial tissue. 

If, however, the inflammatory process is severe, or the 
surfaces of the membrane are separated by a large quan- 
tity of liquid effusion, organization and adhesion cannot 
be thus readily effected. If a large quantity of liquid 
exists in the serous cavity, the [removal of this becomes 
necessary before union can take place. If the inflam- 
matory process continues, or its severity is great, union 
is prevented by the formation of pus. These two condi- 
tions must be considered separately. 

The existence of a large amount of effusion interferes 
with the adhesion of the serous surfaces, and before this 
can be effected the absorption of the liquid becomes 
necessary. In some cases this occurs very rapidly. More 
frequently, however, the process is more prolonged, and 
the sub-serous connective tissue becomes involved before 
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absorption takes place. When tlds is the case the sub* 
Berous tissne becomes infiltrated with young cells, which 
nltimatelj form a granolation-tissne beneath the layer of 
proliferating epithelium. The epithelium itself gradually 
becomes less abundant, and the exuded fibrin undergoes 
fatty changes and liquefies. The new granulation-tissue 
becomes exceedingly vascular, and if the inflammation 
subsides, it gradually developes into connective tissue, and 
thus a false membrane is formed rich in vessels, which 
takes the place of the epithelial layer. As the liquid is 
absorbed, the two surfaces of the membrane come into 
contact and grow together, the new vessels becoming 
gradually obliterated. 

K the inflammatory process does not subside, or from 
its commencement is of considerable severity, it is at- 
tended by the formation of large quantities of pus. In 
this case the emigration of blood-corpuscles is so consi- 
derable, and tl^e proliferation of the epithelial cells so 
rapid, that the young elements exist in large enough num- 
bers to give to the exuded liquid a puriform character. 
The eflusion is then termed puruleni (empyema). As the 
submucous tissue becomes involved, and a granulation- 
tissue is formed, this continues to generate pus, like an 
ordinary granulating wound. If the pus be removed, the 
suppuration may gradually cease, the granulation-tissue 
develope into a fibrous structure, and the union of the 
jserous surfaces thus be effected. The serous membrane 
becomes greatly thickened, and the new tissue undergoes 
jconsidfirable contraction in the process of its organization. 



CHAPTER XXXIII. 

INFLAMMAnON OF THE LIVER. 

iNHiAMMATOET processes in the liver are either acute or 
chronic. Acute inflammations, leading to suppuration, 
are usually infective in their nature, resulting from the 
transmission of infective materials from lesions in the 
abdominal organs, or in other parts. The processes are 
consequently most frequently disseminated and confined 
to small portions of the hepatic substance. The pus- 
corpuscles — ^which usually accumulate so as to form an 
abscess — are almost entirely emigrants, although recent 
investigations render it highly probable that they may 
also originate by the endogenous proliferation of the liver- 
cells. 

Chronic inflammatory processes in the liver lead to a 
gradual increase in the fibrous tissue of the organ, and 
consequently to induration and atrophy of its proper 
structure. They constitute what is known as interstitial 
7hejpatiti8, or more commonly as dnrhosis. 

CniRHOSIS OF THE LIVEB. 

Cirrhosis of the liver, or interstitial hepatitis, is charac- 
terized by a gradual increase in the fibrous tissue of the 
organ, and by subsequent atrophy of the liver-cells. 
Whether all changes in the liver in which an increase in 
the amount of fibrous tissue is the most important 
stmctilral alteration, are to be regarded as inflammatory 

B 
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absorption takes place. When this is the case the snb* 
Berons tissue becomes infiltrated with young cells, which 
ultunatelj form a granulation-tissue beneath the layer of 
proliferating epithelium. The epithelium itself gradually 
becomes less abundant, and the exuded fibrin undergoes 
fatty changes and liquefies. The new granulation-tissue 
becomes excee<Hngly vascular, and if the inflammation 
subsides, it gradually developes into connective tissue, and 
thus a false membrane is formed rich in vessels, which 
takes the place of the epithelial layer. As the liquid is 
absorbed, the two surfaces of the membrane come into 
contact and grow together, the new vessels becoming 
gradually obliterated. 

K the inflammatory process does not subside, or from 
its commencement is of considerable severity, it is at- 
tended by the formation of large quantities of pus. In 
this case the emigration of blood-corpuscles is so consi- 
derable, and tl^e proliferation of the epithelial cells so 
rapid, that the young elements exist in large enough num- 
bers to give to the exuded liquid a puriform character. 
The eflusion is then termed piMruleni (empyema). As the 
submucous tissue becomes involved, and a granulation- 
tissue is formed, this continues to generate pus, like an 
ordinary granulating wound. If the pus be removed, the 
suppuration may gradually cease, the granulation-tissue 
develope into a fibrous structure, and the union of the 
jserous surfaces thus be effected. The serous membrane 
becomes greatly thickened, and the new tissue undergoes 
.considerable contraction in the process of its organization. 



CHAPTER XXXIII. 

INFLAMMAnON OF THE LIVEE. 

InHjAMMAtoet processes in the liver are either acute or 
cliroiiic. Acute inflammations, leading to snppnration, 
are usually infective in their nature, resulting from the 
transmission of infective materials from lesions in the 
abdominal organs, or in other parts. The processes are 
consequently most frequently disseminated and confined 
to small portions of the hepatic substance. The pus- 
corpuscles — ^which usually accumulate so as to form an 
abscess — are almost entirely emigrants, although recent 
investigations render it highly probable that they may 
also originate by the endogenous proliferation of the liver- 
ceUs. 

Chronic inflammatory processes in the liver lead to a 
gradual increase in the fibrous tissue of the organ, and 
consequently to induration and atrophy of its proper 
structure. They constitute what is known as interstitial 
hejpatitis, or more commonly as cvrrhosis, 

CIRRHOSIS OP THE LIVER. 

Cirrhosis of the liver, or interstitial hepatitis, is charac- 
terized by a gradual increase in the fibrous tissue of the 
organ, and by subsequent atrophy of the liver-cells. 
Whether all changes in the liver in which an increase in 
the amount of fibrous tissue is the most important 
stmctilral alteration, are to be regarded as inflammatory 

B 
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in their nature, or whether in some cases they ftrfl 
Himple nmi-inflammatory hyperplaaias, is oncertatn. lit 
either case, however, the nhiroate alteration in the hepatic 
Btmcture ie mach the same. 

The proceas naoallj ooinineiiceB in the connective 
titsne snrroonding the emaller branches of the portal 
vein, and gradnallj involTes that sarroonding the 
la^er ones, until ultimately the whole of the interlobnlar 
tisBne may be increased. The increase may be onifonn 
throughout the organ, or greater in some parts than ia 
others. In the earlier st^es, if the growth is rapid, the 

PiQ. 63. 
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b. Nev growth of interlobular couuective tiegus. x 16. 

tisane is exceedingly vaacnlar, being supplied bj new 
vessels derived from the hepatic artery. The cells also 
are small, ronnd, and exceedingly nnmerons. This stage, 
however, is not often observed, as the tissne quickly 
becomes dense and fibrous, and ultimately may closelj 
resemble cicatricial tissue. (Fig. &3.) 
The effect of tlie new growth is oltimately to cause 
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utrophy of the hepatic cells, and to obstruct the circulation 
through the portal capillaries and the passage of bile 
through the bile-ducts. This effect is materially in*- 
creased by the contraction which the new tissue under* 
^oes. The hepatic cells in the outer zone of the lobules 
are the first to atrophy ; the new tissue often insinuating 
itself between them, so as to gradually involve the in- 
^rcellular network. The cells then become smaller and 
undergo fatty metamorphosis; and ultimately they are 
completely destroyed. Those in the central parts of the 
Jobule are in the earlier stages but little altered, although 
they are often stained with bile. As the growth extends, 
however, these also become annihilated, and the whole 
Jobule is replaced by connective tissue. The cells in the 
outer part of the lobules are sometimes infiltrated with fat 
prior to their destruction, the cirrhosis being associated 
with fatty infiltration. 

The portal capillaries also become obliterated by the 
new tissue, — ^hence the ascites, hsematemesis, diarrhoea, 
enlargement of the spleen, and the other results of portal 
congestion. Obstruction of the bile-ducts, although it 
may give rise to staining of the hepatic substance, is 
rarely such as to interfere with the passage of the bile 
into the intestine, and hence there is usually but little 
general jaundice. 

Fh/ysical cha/racters, — The liver in the early stages is 
usually slightly enlarged, the enlargement being almost 
uniform. The edge is rounded and thickened. K thie 
new tissue is very rapidly produced, the consistence may be 
somewhat diminished ; more commonly, however, the 
organ is from the first tougher than natural and breaks 
down less readily under the finger. The characters which 
it subsequently presents depend upon the distribution of 
the new tissue. If this is uniform, there will be a gradual 
and almost uniform diminution in size, and the surface 
and shape will be but little altered. If on the other 

ii2 
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hand — as is much more frequently the case — ^the new 
tissue is more abundant in some parts than in others, or 
undergoes irregular contraction, the resulting atrophy 
wiU be correspondingly irregular and the surface of the 
organ will be granular and nodular. In the later stages, 
the liver is exceedingly firm, dry, tough, and fibrous. On 
nection, the new tissue is visible to the naked eye sur- 
rounding the lobules and in many parts completely re- 
placing them. This gives to the cut-surface a mottled 
granular appearance, the lobules themselves contrasting 
with the new interlobular tissue ; and this appearance is 
sometimes increased by fatty infiltration of the cells in 
the peripheral zone. The capsule also is considerably 
thickened, and the organ in many parts stained with bile. 
Bed Atbopht. — This is the condition of the liver which 
i^esultsfrom long-standing mechanical congestion, such as 
is caused by disease of the heart. It is characterized hf 
an increase of the interlobular tissue, by atrophy of the 
liver cells, and by dilatation and thickening of the hepatic 
▼ein. The cells in the centre of the lobule usually atrophy 
and perish before those at the circumference, and there is 
an accumulation of black pigment within them and around 
the radicles of the hepatic vein. The liver in the early 
stage is increased in size, not from the interstitial growth 
but from the large amount of blood which it contains. 
On section it presents a peculiar mottled appearance, the 
centre of the lobules being of a dark red colour, whilst the 
peripheral portions are of a yellowish white. This is the 
true niUmeg Uver, The subsequent atrophy results partly 
from the obstruction to the return of blood by the hepatic 
vein, and partly from the pressure of the interlobular 
growth. 



CHAPTER XXXIV. 

INFLAMMATION OF THE KIDNEY. 

Inflahmatobt processes in the kidney present certain 
▼ariations according as the accompanying stmctural 
changes have their principal seat in the tubular epithelium 
or in the intertubular connective tissue* They comprise, 
9V(ppwratwe, interstitial, and tubal nephritis. These must 
be considered separately. 

SXTPFTTBATIVE NEPHBITIS. 

Acute inflammatory processes in the kidney attended 
by the formation of pus, give rise to renal ahscessee. Such 
processes are for the most part associated with inflam- 
mation of the pelvis^ of the kidney (pyelitis), occurring 
from renal calculus, stricture of the urethra, or enlarge- 
mentof the prostate. They are also met with in pyaamia. 
They appear usually to be infective in their nature, and 
to result from the transmission of infective materials from 
some primary lesion, this being in some cases an inflamed 
pelvis, in others — as in pysBmia — a lesion more remote. 
The resulting suppurative processes — ^as is always the 
' case in infective inflammations — are consequently dissemi- 
nated, and numerous abscesses are thus formed in the 
substance of the organ. These abscesses are often sur- 
rounded by a zone of hyperssmic tissue. They may 
gradually coalesce, and so form one large abscess, occupy- 
ing the greater part of the kidney substance. 
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Interatitial nephritis, or as it is more freqaoati; callecl, 
drrkoM, or gramdaT degetteralion of the kidaej, ia the 
most frequent of those morbid processes which conatitBte 
Bright'a diaeaae. The process is QsnaiUf chronic in its 
course, and is characterized like the oorresponding one in 
the hver, by a gradaal increa,ae of the fibrona tiaaae of the 
organ, and by the consequent atrophy of the tabal 
structurea; 

The first change in the kidnej conaista iu an increaae 

of the oonnectire tisane, between the mine tubes. In the 

F10.U. 




't'^i^ 



luaitration of the iDWrtubnlor conoectiTe tissue. (Rind- 
flsiach.) ' 

earliest stages of the process the int«Ttiibn1ar tissne b»- 
cornea abnormally vascnlar and infiltrated with jonn^ 
cells. If the growth ia very rapid, these roay be exceed- 
ingly nomeroiia, and the interceUular substance soft and 
amorphooB. (F^. S4.) Uore commonly, however, Um 
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process is less acute, and the cells less numerous, and tlie 
new tissue quickly becomes developed into a fibrous 
structure, the blood-vessels at the same time diminishing 
in number. This is the condition in which it is usually 
met with. These changes are almost entirely limited 
to the cortical portion of the kidney, and although 
here they are more or less general, the new growth is 
more abundant in some parts than in others, being usually 
most so around the Malpighian bodies, and in the neigh- 
bourhood of the capsule, with which it is closely united. 
In this stage the tubes and their epithelium are un- 
affected. 

In this early stage, the kidney is often somewhat in- 
creased in size, the capsule usually separates less readily 
than in health, and the surface of the organ is slightly 
granidar. On section, the cortical substance is in some 
cases paler, in others redder than natural. The latter is 
the case when the process is secondary to mechanical 
congestion. The cut surface also looks obscurely granu- 
lar. The Malpighian bodies stand out as red points, and 
the bases of the pyramids and surface of the organ are 
frequently h3rper8Bmic. The consistence of the organ is 
usually denser and tougher than naturaL This, however, 
will vary with the character of the new tissue, as will also 
the increase in size and the irregularity of the surface. If 
the new tissue is slowly developed and consists principally 
of fibres, the size will be but little increased, whereas the 
increase in consistence and the granular condition will be 
more marked. If, on the other hand, the process is more 
acute, and the cellular elements predominate, there will 
be a greater increase in size, the granular character will 
be slight, and the consistence may be even softer than 
naturaL 

The second stage in the process consists in the atrophy 
of the tubular structures. This is owing to the pressure 
exercised by the intertubular growth, and to the cicatricial 
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contraction wbicli it nndergoes. It is oonsequentlj not 
nniform, bnt is more marked in some parts than in othem 
The organ gradnallj diminishes in size, owing to the 
atrophy of the cortex, which may ultimately become 
almost completely destroyed. The blood-vessels become 
irregularly compressed, in many parts being entirely 
obliterated: their walls also become thickened. The 
tubes, like the vessels, are not uniformly affected. Many 
of them are xmaltered or merely slightly dilated, whilst 
others become completely destroyed. The epithelium at 
the same time gradually undergoes retrc^essive changes, 
so that it contains molecular fat. In the latter stages of 
the disease there is sometimes a proliferation of the epithe- 
lium, which accumulates within the tubes. The irregular 
pressure exercised by the new growth, also gives rise to the 
formation of cysts. These originate partly in the Mai* 
pighian capsules, and partly in the urine tubes — ^the latter 
becoming irregularly dilated. 

In this more advanced stage the kidney is diminished in 
size. Its surface is more granular, the capsule more 
thickened and adherent, and it cannot be removed without 
tearing the kidney substance. The superficial vessels are 
seen unduly marked in the depressions between the 
granulations. The cortex is tough and fibrous, of a 
yellowish-grey or buff colour, mottled with yellow streaks 
and patches ; and usually some small cysts are distributed 
throaghout it. Calcareous deposits are also often seen as 
white streaks between the tubes of the pyramids. 

Cirrhosis of the kidney is essentially a chronic disease* 
and occurs most frequently in middle and advanced life. 
It appears to be especially associated with the gouty 
diathesis. It is, however, a frequent result of an irregular 
life, intemperate habits, and the abuse of alcohol. It is 
also produced by long-standing mechanical congestion 
of the organs, such as occurs in heart disease and 
pregnancy. ». 
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When occurring as the resxdt of mecliaiiical congestion, 
the organs present somewhat different characters from 
those above described. The interstitial growth in the 
cortex takes place more uniformly, and hence the granular 
condition is less marked. The sabsequent atrophy also 
' is much less, and the appearance of the organs becomes 
altered from the large amount of blood which they 
contain* 

TUBAL NEPHBITIS. 

Tubal nephritis, or as it is also called acute desquamative 
nephritis, is another of those morbid processes which 
constitute Bright's disease, of which it is the most common 
a>cute variety. The process, which has its seat mainly in 
the cortex, comprises an increase in the vascularity of 
the organ, exudation into the urine tubes, and swelling 
and proliferation of the tubular epithelium. 

The earliest change in the organ consists in an increase 
in its vascularity and exudation into the urine-tubes. 
Many of the capillaries at the same time frequently 
rapture, and thus there is an escape of blood-corpusdes 
and of liquor sanguinis into the tubes of the cortex; 
hence the blood and "blood-casts" in the urine which are 
so characteristic, of the early stage of the disease. This 
hypersemia and exudation are foUowed by swelling and 
proliferation of the epithelium in the cortical tubes. The 
epithelial elements become swollen and granular. (Fig. 55.) 
The granules, which are often so numerous as to occlude 
the nucleus of the ceU, are probably albuminous matters 
which have been taken up by the protoplasm. They are 
soluble in acetic acid, and thus differ from molecular 
fat. This is the condition known as " cloudy swelling." 
The enlarged and granular epithelial cells then proliferate, 
and thus a number of new elements are produced. These, 
together with the older cells, which become loosened, 
accumulate within and distend the tubes of the cortex. 
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(Pig. 55), and Home of them are waahed awftj and appeu 
in the urine aa " epithelial casta." 




Tiiftni XfphriHi—a tingU unne fi bt 'fhowinR the aixn- 
mnlation of fp thel al elemen s w th n ths tube. In the 
few cell;! wh ch liave escaped is Been the giuiulBT coiuli- 
tion of the cells, x 40U 

Owing to these changes the organ becomes conriderably 
increased in size and eiceedingly vascnlar. The capsule 
separates readily, eiposing a perfectly smooth bnt very 
Tascttlar surface. The consistence is diminished, the 
tissue breaking with a soft friable fracture. On section, 
the increase in the aize of the organ is seen to be princi- 
pally due to the increased thickness of the cortex. This 
is either of a reddish-brown, or of an opaqne-white or 
pale buff colour ; these differences depending upon the 
relative piroportion of blood and of accumulated epithelial 
elements. Although in the earliest stage the colour is 
redder than natural, it usually soon becomes pale and 
opaque. This is owing to the swelling of the epithelial 
elements and to their accnmnlatton in the cortical tnbes. 
^The blood becomes expressed from the intertubnlar ves- 
sels, and hence the increased vascularity is most evident 
in the Malpighian corpuscles, beneath the capsule, and in 
the pyramidal portion of the organ. The Malpighian 
MTpnsoles stand out as prominent red points, and thft 
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pyramidal cones are of a deep red colour, thus contrastiiig 
strongly with the pale opaque cortex. 

The termination of the process varies. The increased 
vascularity and epithelial proliferation may subside, and 
the newly-formed elements passing away in the urine, 
the organ gradually return to its normal condition. This 
is the most common termination when the inflammation is 
the result of scarlet fever. In other cases the disease 
continues ; and although the vascularity diminishes, the 
vitality of the epithelial elements has become so much 
impaired from the inflammatory process, that they undergo 
retrogressive changes. The cells then continue to come 
away with the urine adherent to the casts, but instead of 
presenting the swelled granular appearance as in the 
earlier stage of the disease, they contain molecular fat. 
This fat gradually increases in amount as the degenera- 
tion proceeds, until it may fill the cells, and ultimately 
as these are destroyed appear as free molecules and 
granules on the tube-casts. 

This fatty degeneration of the epithelium is attended 
by corresponding changes in the appearance of the organ. 
The redness diminishes, and the Malpighian corpuscles 
are less prominent. The enlarged cortex presents a uni- 
form yellow tinge, studded with minute yellowish-white 
streaks. This is owing to the presence of fat in the 
epithelial elements. 

This fatty stage, if not far advanced, may undoubtedly 
pass off. The degenerated cells are carried away by 
the urine, from those which remain in the tubes 
the fat is probably partially absorbed, the retrograde 
process gradually ceases, and the organ may return to 
nearly its normal size and condition. If, however, the 
degeneration is considerable and the epithelium becomes 
extensively destroyed, the disease usually terminates 
fataUy, and after death many of the tubes are found 
denuded of their epithelium. Whether this loss of the 
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epitHeUmn is ever sufficient of itself to canse a dumnution 
in the bulk of the kidney to snch an extent as to give to it 
a granular surface, appears to be doubtfiil. Such a result 
is certainly rare. The organ usually remains large and 
smooth to the termination of the disease. If, however, 
the tubular is associated with an intertubular change 
(cirrhosis), as is frequently the case, atrophy, and conse- 
quently a granular surface will readily ensue. 



CHAPTER XXXV. 

INFLAMMATION OF THE LUNGS. 

In the lungs, inflammatory processes comprise the 
three following varieties : — Croupous, cata/rrhal, and m- 
tersHHdl pneumonia. Of these^ the former occurs as an 
independent affection, whereas the two latter are almo^ 
invariably the result of some antecedent pulmonary or 
bronchial lesion. 

CROUPOTJS PNEUMONIA. 

Ckowpoue, exudative^ or lohcvr pneumonia, is cha- 
racterized by intense hypersBmia and by the exudation of 
a large amount of fibrinous material into the pulmonary 
tissue. It is termed " croupous " because like the crou- 
pous inflammation of. mucous membranes, the exuded 
liquid contains a large quantity of fibrin. This form of 
pneumonia almost invariably affects an extensive portion 
of the lung, hence the term " lobar " which is applied to 
it. The process is commonly described as consisting of 
three stages — 1st, that of engorgement, 2nd, that of red 
hepatizaMon, and 3rd, that of grey hepatization. 

In thefa'st stage, that of engorgement, the lung beconles 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
characteristic of inflammation. The organ 'is of a dark 
red colour, its specific gravity and absolute weight are 
increased, its elasticity is diminished, it is less crepitant 
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than natural, and pita npon pressure. Its cat-surfaoe 
yields a reddish tenacious liquid. 

In the second stage, that of red hepatizaiionf there is an 
exudation of liquor sanguinis and migration of blood-oor- 
puscles into the pulmonary tissue. Some of the vessels may 
also rupture, and thus small extravasations occur. The 
exuded Hquid contains a large quantity of fibrin which 
coagulates within the air- vesicles and in the interstices 
of the interlobular tissue, the coagulum enclosing nume- 
rous red and white blood-corpuscles. The lung is now 
much heavier than in the preceding stage. It contains 
but little or no air, usually sinks in water, and cannot be 
artificially inflated. It does not crepitate under the 
Jngers, but is remarkably friable, breaking down readily 
Inth a soft granular fracture. The cut-surface, which is 
of a dark red colour, presents a granular appearance, the 
granules being the plugs of fibrin contained in the air- 
vesicles. Throughout this stage there usually appears 
to be little or no alteration in the alveolar epithelium <nr 
in the inter-alveolar connective tissue. 

The third stage, that of grey lieipatization, is charac- 
terized by cell-proliferation. The epithelium within the 
air-vesicles multiplies, as do probably the cells in the 
inter-alveolar tissue, and thus a number of new cells are 
produced. These new cells, together with the innumerable 
emigrant blood-corpuscles are embedded in the coagulated 
fibrinous material. The weighty density, and friability of 
the lung now become even greater than in the preceding 
stage, although the granular aspect of the cut-surface is 
less marked. The most prominent feature, however, is 
the alteration which takes place in the colour of the 
organ. This gradually changes from a dark red to a 
grey or yellowish-white. This is owing partly to the 
pressure exercised upon the blood-vessels by the exuded 
substances and newly-formed cells, and partly to the dis* 
integration of the red corpuscles. 



CROUPOUS PNEUMONIA, 255 

Sncli are tlie characteristic cHanges wHicli occur in 
croupous pneumonia. In those very numerous cases, 
however, in which the pneumonia is secondary or occurs 
in debilitated subjects, the changes in the lung present 
several deviations from those which have been above 
described. In these secondary pneumonias the exuded 
substances are less abundant and contain much less 
fibrin, the cell growth is less active, and consequently 
the weight of the lung is much less increased. The 
organ is also softer in consistence and less friable, than 
when the process occurs in a healthy person. In many 
cases indeed, slight friability and rottenness of the lung 
are almost the only evidences which exist of the pneu-^ 
monic change. 

The pneumonic process may terminate in the four fol« 
lowing ways : — 

1st. In Resolution, — The gradual return of the lung to 
its normal condition is much the most frequent termina- 
tion of croupous pneumonia. The coagulated fibrin 
liquefies, many of the young cells entangled in it undergo 
fatty degeneration and disintegration, and thus the in- 
flammatory products become so altered that they can be 
removed either by absorption or by expectoration. 
Granular pigment is also mixed with the sofiyened matters 
and appears in the expectoration. This is probably partly 
derived from the extravasated blood, and is partly that 
which normally exists in the interlobular connective tissue. 
Where this process of liquefaction and disintegration is 
taking place in the lung, the granular appearance of its 
cut-surface is completely lost. It is of a yellowish-grey 
colour, and a tenacious puriform liquid can be expressed 
from its substance. As the softened matters become 
absorbed, the circulation is gradually restored, and the 
organ ultimately attains its normal characters. 

2nd. In Ahsceas, — ^The formation of an abscess is a rare 
result of simple pneumonia.- It may, however, take place 
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if the emigration of blood-corptiscleBis veiy abundant and 
the cell proliferation is veiy active. The pus is always 
mixed with broken-down pnlmonaiy tissue. It is when 
the pneumonic processes are induced by septic matters and 
are thus disseminated, as in pysamia, that the formation 
of abscess is so liable to occur. 

3rd. In Gon^eTM.— Still more rare than the preceding 
is the occurrence of gangrene. Two conditions appear 
to be principally concerned in bringing about this result z—- 
one is the interference with the supply of blood by the 
extensive formation of coagula in the pulmonary and 
bronchial vessels, together with considerable hsdmorrhage 
into the pulmonary tissue ; the other, is the contact of 
putrid substances with the pneumonic tissue, — as the 
putrid secretion in a dilated bronchus. 

4th. In PhtMsis, — ^This, which is a very common result 
of catarrhal pneumonia, is a comparatively rare sequence 
of croupous inflammation. If, however, the inflammatory 
products are not removed by absorption and expectora- 
tion, they may gradually become caseous, and subsequently 
by undergoing a process of softening, give rise to the forma- 
tion of cavities. This is associated with an increase in 
the interlobular connective tissue (Interstitial Pneu- 
monia). 

CATAHRHAL PNEUMONIA.. 

Catarrhal or hhula/r pneumonia diflers from the pre- 
ceding, inasmuch as in it there is but little or no exudation 
of coagulable material, the process being mainly 
characterized by proliferation of the alveolar epithelium. 
It thus somewhat resembles catarrhal inflammation of 
mucous membranes — ^hence the term " catarrhal" which 
is applied to it. This form of pneumonia is almost 
invariably at its commencement limited to single lobules 
or to groups of lobules, and does not like the croupous 
variety involve simultaneously large tracts of pulmonary 
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stibstance. It is consequently also known as lohula/r 
pneumonia. 

Catarrhal pneumonia very rarely occurs as an in- 
dependent affection, but is almost always preceded by 
catarrhal changes in the bronchial mucous membrane, 
and it appears in many cases to be an extension of the 
catarrhal process from the latter to the air-vesicles. 
Collapse of the air-yesides frequently precedes the 
pneumonic process, and appears especially to favour its 
occurrence. It presents acute and chronic varieties. 

Acute Catabbhal Pneumonia.. — Acute catarrhal pneu- 
monia is most common in children and yoxmg adults. In 
children it is much more common than the croupous 
variety. It is always preceded by capillary bronchitis, 
and results from an extension of the inflammatory 
process from the bronchi to the air-vesicles. The collapse 
of the air- vesicles which is so frequently caused by the 
bronchitis, appears greatly to favour the occurrence of this 
pneumonic change. 

The catarrhal process consists in enlargement and pro- 
liferation of the alveolar epithelium, together with more or 
less hypersBmia and serous exudation from the surrounding 
blood-vessels. The newly-formed elements are large and 
spheroidal, usually containing one, sometimes two or 
three, bright and comparatively small nuclei, and in a 
more advanced stage, molecular fat. As they increase in 
number they completely fill and distend the alveolar 
cavity. On section of the long, the pneumonic lobules 
are seen scattered through its substance, as small reddish- 
grey nodules, with a smooth and slightly granular surface. 
The immediately surrounding lung-tissue is usually 
hypersemic and cedematous, and frequently collapsed. In 
a more advanced stage the newly-formed elements undergo 
fatty metamorphosis, and the nodules change from a 
reddish to a yellowish-grey colour. As the process con- 
tiniies, the numarous small pneuznonic nodules gradually 

s 
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coalesce, and thus there may be formed large masses of red- 
dish-grey friable consolidation. Besolntion and the retnm 
of the long to its normal condition may occur in this stage. 
Such a result, however, owing to the abondant cell- 
growth, is far less common than in cronpons pneumonia. 
Very frequently the fatty metamorphosis of the new 
elements is incomplete, consequently they do not become 
absorbed, but the pneumonic masses become caseous, and 
the disease thus passes into the chronic stage. 

Chbonic Catabjlhal Pneumonia and Pulmonakt 
Phthisis. — Chronic catarrhal pneumonia plays the most 
important part in the production of pulmonaiy phthisis. 
It may be the result of the abore-described acute process, 
or, as is much more frequently the case, it is from the 
commencement a chronic change. The process, Hke the 
acute, is aknost invariably preceded by catarrh of the 
bronchial mucous membrane, and is characterized mainly 
by the development and accumulation of cellular elements 
within the pulmonary lobules. The pneumonic nodules, 
however, very rarely undergo complete fatty metamor- 
phosis and resolution, but gradually become caseous, and 
the resulting caseous masses become themselves the seat 
of subsequent changes, whilst at the same time they 
cause changes in the pulmonary tissue. 

The question of the nature of the morbid processes 
which occur in the lungs in pulmonary phthisis has 
already been briefly alluded to, when speaking of tubercle 
in these organs (see " Tubercle in the Lungs"). It was 
there seen that these processes are for the most part 
pneumonic in their character, the pneumonic products 
subsequently becoming caseous, and that in the com- 
paratively few cases in which tubercle is met with, it is 
much more frequently to be regarded as a secondary than 
as a primary growth. Both the croupous and catarrhal 
forms of pneumonia may, by terminating in caseation, be 
causes of phthisis. In croupous pneumonia^ however* 
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BQcli a result is rare, whilst in tlie catarrhal forms it is 
exceedingly freqnent. Acnte catarrhal pneumonia, as 
already stated, often terminates in caseation, and it may 
thus be a canse of phthisis. Many of the cases of acnte 
phthisis in children and yonng adults, such as occur after 
measles and whooping-cough, and are usually known as 
tuberculosis, are of this nature. It is catarrhal pneu- 
monia, however, in its chronic form, that is the most 
frequent cause of pulmonary phthisis, because in it casea- 
tion of the pneumonic products is the rule, whereas in the 
acute form and in croupous pneumonia this is only an 
occasional sequence. 

Chronic catarrhal pneumonia, like the acute variety, is 
probably invariably secondary to catarrhal processes in 
the bronchial mucous membrane, to which the prolifera- 
tion of the alveolar epithehum and its accumulation 
within the alveolar cavities must be regarded as owing. 
The extreme frequency with which the development of 
phthisis is preceded by successive attacks of bronchial 
catarrh, is a well-established clinical fact, the important 
bearing of which upon the successful treatment of the 
disease it would be difficult to over-estimate. The first 
effect of such catarrhal processes in the bronchi is to 
cause an increased secretion of mucus. This is ultimately 
followed by thickening of the mucous membrane, and by an 
increase in the peri-bronchial connective tissue with more 
or less irregular contraction and dilatation of these tubes. 
The changes in the bronchi precede and probably deter- 
mine the accumulation and subsequent caseation of cellular 
elements within the pulmonary lobules, which constitutes 
the primary anatomical feature of the very great majority 
of cases of phthisis. 

The development of the catarrhal pneumonia which suc- 
ceeds the changes in the bronchi, appears to be owing 
partly to the extension of the catarrhal process from the 
terminal bronchioles to the air-vesicleSi and partly to the 

s 2 
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collapse of the air-vesicles which so frequently lesnltB 
from the accxunnlation of macns within the smaller tubes. 
The occorrence of collapse especially favours the proli- 
feration of the alveolar epithelinm. This is probably 
owing to the removal of the normal pressure from the 
alveolar blood-vessels, which consequently become more or 
less enlarged and the blood tends to stagnate within 
them. In whichever of these ways the epithelial proli* 
feration is induced, the newly-formed cells gradually ac- 
cumulate within the alveoli, which together with the 
terminal bronchioles thus ultimately become filled with 
cellular elements. Probably in many cases the accumu- 
lation is increased by the inhalation of some of the bron- 
chial secretion. As the process continues the isolated 
pneumonic nodules become eonfluent, and so form lai^ 
masses of consolidation, until ultimately the whole lung 
may become involved. 

These accumulations of cells almost invariably atrophy 
and undergo partial fatty metamorphosis, this appearing 
to result from the pressure to which they are subjected 
within the alveoli. The grey pneumonic nodules and larger 
masses of consolidation thus become yellow and cctseoua. 
The changes which subsequently take place in the caseous 
masses vary: — ^they may either gradually dry up and be- 
come calcified, or undergo a process of disintegration and 
liquefaction. Which of these changes occurs is probably 
partly determined by the extent of the accumulation 
within the alveoli. If this is not sufficient to exercise an 
injurious influence upon the alveolar walls and their 
vessels, the caseous masses may gradually atrophy, dry 
up, and become infiltrated with calcareous particles, and 
the resulting cretaceous mass ultimately becoming enoap« 
suled by fibrous tissue, undergoes no further change. 
If, however, the accumulation within the alveoli is so 
great as to cause considerable pressure upon the sur- 
rounding parts, and thus to interfere materially wiUi the 
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circulation, the caseons masses become softened and dis- 
integ^ted, as do also the alveolar walls and the adjacent 
structures, and in this way a cavity is produced. 

Whilst these processes are progressing within the 
alveoli, changes of a different nature are taking place in 
the pulmonary tissue, the extent and nature of .which 
principally depend upon the chronicity of the catarrhal 
process. These changes mainly consist in a hyperplasia 
of the pulmonary connective-tissue (interstitial pneu- 
monia). This tissue increases around the small bronchi 
and blood-vessels, around the alveolar walls, which thus 
become thickened, and it also forms capsules around the 
pneumonic masses which have dried up or become calci- 
fied. The more chronic the catarrhal process and the 
resulting caseation, the more abundant is the growth of 
connective tissue, so that in the most chronic cases of 
phthisis the pulmonary substance may be almost com- 
pletely replaced by a dense fibroid growth. The new 
connective tissue, which continues to contract after its 
formation, causes diminution in the size of the lung, re- 
traction of the thoracic walls, and dilatation of the 
bronchi. The bronchi often become dilated in this way 
to such an extent as to form cavities, and thus many 
of the cavities in phthisical lungs are produced. 

The adenoid tissue around the blood-vessels and in the 
neighbourhood of the alveoli and small bronchi also in- 
creases, and thus large tracts of this tissue are found 
associated with the fibrous growth. There is frequently 
at the same time a development of true tubercle, this, as 
already stated, being probably in most cases secondary to 
the caseous pneumonic products (see "Tubercle in the 
Lungs"). The tubercles can only be recognised as such in 
the earHer stages of their development; when they have 
become completely caseous, they cannot be distinguished 
from the other caseous products. It is important not to 
confound all the minute nodules met with in phthisical 
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lungs witli true tubercle. Many of tHese are tHe little 
grey masses of pneumonic consolidation ; others, again, 
are transversely-divided bronchi with thickened walls and 
caseous contents. 

INTEESTITIAL PITETJMONIA. 

Interstitial Pneumonia is a chronic process, and is 
characterized by an increase in the connective tissue of 
the lung, which is precisely similar to that which occurs 
in the Hver and kidney, where it constitutes cirrhosis. The 
process in the lung, however, differs from that in these 
organs inasmuch as it rarely, if ever, occurs as a primary 
and independent affection. The newly-formed tissue, like 
all other inflammatory growths of connective tissue, is at 
first rich in cells and blood-vessels, but it subsequently 
becomes converted into a dense, fibrous, contracting 
structure. 

An increased growth of connective tissue in the lung is 
almost invariably preceded by some other inflammatory 
process either in the lungs or bronchi. It may be stated 
generally that all chronic pneumonic or bronchitic pro- 
cesses are attended by an increase in the pulmonary con- 
nective tissue. In phthisis, as has been seen, this tissue 
increases ; and the more chronic the disease the greater is 
the increase. In the most chronic cases the pulmonary 
tissue may be almost completely replaced by a dense 
fibrous growth, which, from its contractile properties, causes 
a diminution in the size of the lung and dilatation of the 
bronchi : such a condition has been described as " fibroid 
phthisis." Simple chronic croupous pneumonia also leads 
to an interstitial growth. In chronic pleurisy, again, the 
connective tissue in the superficial parts of the lung is 
considerably increased, dense septa of it passing inwards 
from the sub-pleural tissue. Chronic bronchitis is also 
frequently attended by an increase of the connective 
tissue, which occurs at first around the bronchi, but sub- 
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seqnently may involye other portions of the lungs. In 
that form of it which results from the inhalation of irri- 
tating particles, and terminates in ulceration of the 
bronchi, catarrhal pneumonia, and destruction of the 
lungs — the so-called "OoUiers*" and "Knife-grinders* 
Phthisis," Ac. — ^the fibrous growth is very considerable 
(see " Pigmentation of the Lxmgs ")• 

Whether interstitial pneumonia ever occurs as a pri- 
mary and independent affection is extremely doubtfal, 
although such a condition lias been described under the 
name of " mrhosia of the hmg" 



CHAPTEE XXXVL 

INFLAMMATION OF THE BRAIN AND SPINAL OOBD. 

Intlammatobt processes in the nervons centres are 
probably much less freqnent than was formerly sup- 
posed. Many of those morbid changes in the brain and 
spinal cord which are attended by softening, and which 
were at one time regarded as the result of inflammation^ 
are now known to owe their origin to simple interference 
with the yascnlar supply, such as results from embolism, 
thrombosis, or degenerative changes in the walls of the 
blood-vessels (see ** Fatty Degeneration of Brain"). 

The irritation which determines the occurrence of 
inflammation in the brain or cord is most frequently 
some external violence— a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain, which 
so often results from disease of the petrous porticm of 
the temporal bone. 

The resulting inflammatory process is almost invariably 
limited to small portions of the cerebral or spinal 
substance. It is attended by the formation of pus, and 
usually leads to the formation of an ahaceag. The earliest 
change consists in intense and localized hyperaamia, 
which is frequently attended by rupture and minute extra- 
vasations. The nervous tissue then becomes infiltrated 
with young cells and considerably softened, and presents a 
uniform red or mottled colour. The nerve-fibres become 
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disintegrated, the nerve-cells undergo fatty degeneration, 
and may thus form the " inflammatory," or " exudation 
corpuscles" (see Fig. 3, h). In most cases the accumula- 
tion of young cells is sufficient to give rise to the formation 
of an abscess, and a yellowish or reddish puriform liquid 
takes the place of the original softened mass. The tissue 
surrounding the abscess is also hypersBmic, softened, and 
infiltrated with cells. The abscess may gradually extend, 
or it may become limited and encapsuled by the formation 
of connective tissue from the neuroglia. When thus 
encapsuled, it may gradually dry up into a caseous or 
calcareous mass, or the absorption may be more complete 
so as to leave little more than a cicatrix. Bespecting the 
source from which the young cells are derived, — they are 
probably almost entirely emigrants, although they are 
possibly also partly the offspring of the cells of the 
neuroglia. The nerve-ceUs themselves appear to undergo 
no active changes in inflammation. 

In addition to these localized and suppurative inflam- 
matory processes, changes of a much more chronic nature, 
and much wider and more general in their distribution — 
which are probably to be regarded as inflammatory — are 
met with in the nervous centres. These are characterized 
by a gradual increase in the connective tissue (neuroglia) 
and by atrophy and disintegration of the proper nervous 
elements. 

Inflammatory Soptbning. — Conditions of softening of 
the cerebral or spinal substance resulting from inflam- 
mation, other than those which have been above described, 
probably rarely, if ever, occur as primary lesions. Most 
varieties of softening, which were formerly described as 
inflammatory — either from the red colour of the softened 
tissue, or from the acuteness of the process — ^result, as 
already stated, from embolism (see "Embolism in the 
Brain"), or are simply passive degenerative changes, in 
which more or less extravasation of blood has taken place 
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into the softened tissue (see '' Fatty Degeneration of 
Brain "). Inflammation and consequent softening of the 
nervous tissue, however, by no means unfrequently 
occurs as a secondary process. It takes place especially 
around clots of blood or other morbid products within 
the brain or spinal cord, and results from the injurious 
influence which these substances exercise upon the im- 
mediately adjacent structures. Such a result is not 
unfrequent in cases of cerebral hsemorrhage. The nerve- 
tissue immediately surrounding the clot becomes the seat 
of an inflammatory process, and it is fotmd after death 
softened, hypersemic, and infiltrated with young cells. 
Inflammation of the superficial portions of the cerebral 
and spinal substance also occurs as the result of menin- 
gitis. 



CHAPTER XXXVIL 

CHANGES IN THE BLOOD AND CIRCULATION. 

HYPERJEMLA.. 

Htpeeamia or congestioii is excess of blood in tlie more 
or less dilated vessels of a partw Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a cause of hypersemia. Hypersemia, is 
adwe or a/rterial, and mechanical or ven(yu8. These two 
varieties must be considered separately. 

ACTIVE HTPEK£MIA. 

Active hypersemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the flow. 

Causes. — The causes of active hyperssmia may be divided 
into those which increase blood-pressure, and those which 
diminish arterial resistance. 

1. Increased Blood-pressv/re, — ^This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
collateral hypercBmia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
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yessel, or from its ocdnsion by a tluroinbiis or embolus 
(see "Embolism"). 

General obstruction in the capillaries of a part wiH in 
the same way canse a compensatory hypersBmia. This is 
exemplified by tbe application of external cold causing^ 
contraction of the superficial capillaries and oongestaon 
of internal organs; and by obstruction of the capillaries 
in one part of an organ causing hypersBmia of the parts 
adjacent. 

2. Dvnvinished Arterial JBe«i8<anc6.— This is much the 
most frequent cause of active hypersdmia. It may arise 
from — 

a. Belaxaiion or paralysis of the waU of the vessel. — ^The 
relaxation of the muscular coat of an artery and the con- 
sequent dilatation of the vessel, may be owing either to 
the direct paralysis of the vaso-motor nerve supplying it, or 
to the irritation of a sensory nerve. The effects of direct 
paralysis of the vaso-motor nerves are seen in the active con- 
gestion of the head and neck which follows pressure upon 
the sympathetic in the neck, as by an aneurism ; and in 
the unilateral congestion which results from experimental 
sections or disease of one half of the spinal cord. Some 
emotional conditions also are attended by paralysis of 
the vascular nerves and consequently by active hyperemia : 
this is seen in blushing. Certain substances again taken 
internally produce vaso-motor paralysis, as the nitrite of 
amyl, alcohol, tobacco, &c. 

Relaxation and dilatation of the arteries is also pro- 
duced by the irritation of a sensory nerve, in those parts 
in which the nerve originates. Active hyperemia from 
this cause has already been described when speaking of 
it as the earhest change in the process of inflammation. 
The irritation received by the sensory nerves is reflected 
by the vaso-motor centre io the blood-vessels, and causes 
dilatation of the vessels and increased rapidity of flow. 
Jn inflammation, this irritation is so severe as to cause 
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not only dilatation of the vessel, bnt also changes in its 
walls, which ultimately lead to the retardation of the 
blood-flow and exndation of liquor sanguinis and blood- 
corpusdes. If the irritation be less intense or less pro- 
longed in its action it produces simply dilatation of the 
vessels and increased rapidity of flow — i.e., active 
hypersBmia. This is seen in the congestion of the skin 
which results from friction, heat, and many irritating 
substances ; in the priapism that sometimes results from 
the passage of a catheter; and in many similar condi- 
tions. 

ft Sudden removal of external presswre. — ^The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequent hypersemia. As examples 
of hypersBmia from this cause may be mentioned that 
which residts from dry cupping, and from the sudden 
removal of ascitic fluid, and of the fluid from a hydrocele. 

y. Atony of the waUa of the veaselafrom mal-nutrUion.'^ 
This is a much less important cause of hypersBmia. Fatty 
degeneration of the muscular and internal coats of the 
smaller arteries may, however, in some cases, lead to their 
dilatation, and thus be a cause of active hypersemia. 

Besults. — The results of active hypersemia are princi- 
pally such as might be expected to foUow from an increase 
in the amount of the arterial blood, and in the rapidity of 
its flow, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also an 
increase in bulk. The temperature at the same time 
undergoes a marked elevation ; as much as 10° Fahr. has 
been observed after injuries of the spine, and experimental 
sections of the sympathetic. Serous eflusions, hsamoife 
rhage, and thrombosis^— so commonas resultsof mechanical 
h3rper»mia — are rarely met with. If the hyperadmia is of 
long duration, the small arteries become permanently 
enlarged, and their walls thickened. Function may, or 
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may not, be interfered with. It is in the nervous centres 
that functional changes are most frequently met with. 
They include great excitability, parsesthesisB of siglit and 
hearing, convulsions, &c. 

MECHAiaCAL HTPEBJSMIA. 

In mechanical hyperssmia, the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded. 

Causes. — The causes of mechanical hypersemia are 
such as interfere with the return of the blood by the 
veins, either by directly impeding its exit from any vein or 
system of veins, or by diminishing the normal circulating 
forces. They are, — 

1. A Direct Impediment to the Return of Blood hy 
the Veins. — This is the most fertile cause of mechanical 
hypersBmia. Any obstruction to the return of blood by 
the veins is followed by distension and impeded flow 
behind the obstruction. The congestion of the abdominal 
viscera which results from the obstruction to the portal 
circulation in cirrhosis of the liver, and of the lung in 
mitral constriction and regurgitation ; that of the systemic 
circulation in insufficiency of the tricuspid valve; and 
that of the lower extremities from the pressure of the 
gravid uterus on the iliac veins, are a few of the numerous 
familiar examples of mechanical hyperaemia from this cause. 

2. Qravitation, — ^This becomes an important auxiliary 
in the production of hyperssmia in disease, especially 
when it is associated with diminished cardiac power. 
The effect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart's power 
weakened, and in which the patient is unable fre- 
quently to change his position. The integaments of the 
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back, andtlie poflterior portions of the lungs, are tlie parts 
whicli are thns most frequently affected. 

3. Increased Local Resistance, — This results from diseased 
conditions of the arterial walls, owing to which they either 
lose their elasticity and contractility, and thns their power 
of equalizing and regulating the blood-flow, or become 
considerably enlarged. In either case the circulation will 
be impeded, and accumulation of blood and retardation of 
flow take place in the veins beyond. Such conditions 
arise from atheromatous, fatty, and calcareous changes in 
the arterial walls, and are most common in advanced life. 
The part they play in the production of senile gangrene 
has been already alluded to (see " Senile Gangrene"). 

4. Dvminished Cardiac Power, — This is one of the most 
important causes of mechanical hypersemia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of the 
chronic exhausting diseases, also in the acute febrile dis- 
eases, as in typhus and typhoid fever, and in all those 
conditions of degeneration and softening of its structure 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a tergo is diminished it will tend to 
produce venous hypersemia. 

Results. — Long continued mechanical hypersBmia leads 
to impairment of vitality and function. The tissues 
gradually atrophy and undergo retrogressive changes, 
although frx)m the amount of serosity and blood which 
they contain their size and absolute weight may be in- 
creased. Their temperature becomes lowered. The most 
important results, however, of this variety of hypersemia 
are the traAfisvdation of serum, haemorrhage, thrombosis, 
and ga/ngrene. 

The In'o/nsudation of serum into the surrounding tissues, 
constituting oedema and dropsical efPasion, results most 
frequently from direct venous obstruction. Its occurrence 
is greatly favoured by the stretching of the walls of the 
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vesselB, and by tlie damage whicli their stmctxire sustains. 
The transuded seram tLSually differs from blood -semm in 
being of lower specific gravity, and in containing more 
water and less of the solid oonstitnents. The greater the 
pressure, the more nearly does the transuded Hquid resemble 
the liquor sanguinis, and the greater is the amount of albu- 
men which it contains. If the pressure be very great it may 
yield a fibrinous coagulum. 

Another result of mechanical hypersBmia is hcBmorrhage. 
This usually occurs only when the obstruction to the 
venous current is very great. Those vessels which are 
the least supported are the first to give way. The hsBmor- 
rhage into the stomach in cirrhosis of the liver, and into 
the lung in mitral disease, are familiar examples of 
hsemorrhage from this cause. 

Not only does blood escape from the vessels by rapture 
of their walls in mechanical hypersmia, but the red blood- 
corpusdes pass through the walls of the capillaries into 
the surrounding tissues without rupture taking* place. 
This passage of the red corpuscles through the capillaiy 
walls, which was discovered by Gohnheim, may be ob- 
served in the web of the frog's foot after Hgature of the 
femoral vein. The corpuscles in passing through the 
vessel become constricted in their centre, so as to assume 
an hour-glass shape. This emigration only occurs when 
the obstruction is considerable. 

The occurrence oi thrombosis, as the result of mechanical 
obstruction, wiU be described in the following chapter. 

Ocmgrens only occurs from mechanical hypersBmia 
when the obstruction is very general and complete. It 
has been already described under the head of " Gtrngz^ne." 



FosT-MouTEU Appeakancbs 07 Htps&amia. — ^The post- 
mortem appearances presented by hypersdmic organs and 
tissues vary considerably. Very frequently, parts which 
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were liypersBmic during life show no signs of it after 
death. If the blood does not coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial and 
capillary hypersamia very often becomes impossible. The 
effect of gravitation must also be taken into account in 
estimating hypersamia. After death the blood naturally 
gravitates to the most dependent parts r-this is seen in 
the post-mortem congestion of the posterior portions of 
the lungs, and of the most dependent portions of the 
various coils of the intestine. The uniform redness of 
post-mortem staining, again, must not be confounded with 
the redness of hyperaamia. In capillary and arterial hyper- 
semia, the colour is red, and the injection often presents 
the appearance of a capilliform network. If very intense, 
it may to the naked eye appear uniform, but a lens will 
always discover its capillary nature. When the veins are 
the seat of thehypersamiathe injection is called ramiform, 
and the colour is dark blue. 

The anatomical peculiarities in the distribution of the 
vessels will, however, materially affect the appearance of 
the hypersemia. In the intestines it is often punctiform, 
being situated in the vessels of the villi ; so also in the 
kidney, when its seat is the Malpighian corpuscles. A 
pTmctifonn appearance may also be produced by minute 
extravasations of blood. If the hypersamia is of long 
standing, the tissue becomes pigmented. This is often 
well seen in the stomach and intestines, also in the 
lungs. 



CHAPTER XXXVIIL 

THB0MB08IS. 

THBOiCBoaiB is a ooagolatioii of the blood within the vesself 
during life, owing to changes in the walls of the ▼easel 
itself, or to impeded blood-flow. The coagolnm is called a 
thromlnu. It may form in the heart, in the arteries, in the 
d^illaries, or in the yeins. It is mnch the most com- 
mon in the last-named yessels. 

Thrombi must be distinguished from the coagnla 
that form after death, and also from those formed in the 
last moments of life, which are so commonly found in the 
cardiac cavities. Post-mortem coagnla are soft, ajid are 
often divisible into two layers, coloured and uncoloured; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. The clots formed in the heart 
just before death constitute a connecting link between 
post-mortem coagula and thrombi. They are usually 
more or less decolorized, and are firmer in consistence, 
and more fibrinous than post-mortem clots. Thjey are 
not firmly adherent to the cardiac walls, but are often 
so entangled amongst the columnse camesB, chordae ten- 
dinesB, and papillary muscles, that they cannot be quite 
readily separated. They appear to be the result of the 
mechanical ctefibrination of the blood by the cardiac con- 
tractions just before death ; the contractions not being 
sufficiently strong to empty the cavities, some of the blood 
remains behind, and becomes " whipped up " and defibri* 
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nated. These dots are most common in the right cardiac 
cavities, and they often extend some way into the pnl* 
monary artery and aorta, from which, however, they can 
very readily be removed. They are met with most 
frequently in those cases in which death has taken place 
slowly, and in which there has been a gradnal loss of 
power in the cardiac contractions. The proportion of 
fibrin in the blood will also materially inflnence the extent 
of their formation. 

A ih/romlma, or ante-mortem clot, is firmer, dryer, and 
more fibrinous than either of the preceding, and it is 
adherent to the walls of the vessel. Its characters, 
however, vary with its age, and with the circumstances 
under which it originates. When freshly.formed it is of 
a dark-red colour, and soft gelatinous consistence, closely 
resembling the post-mortem clot. It gradually becomes 
paler, dryer, less elastic, and more friable. If it is rapidly 
produced — ^the circulation being suddenly arrested in a 
portion of a vessel, as by the application of a ligature — ^the 
coagulum at once completely fills the vessel, and as it 
becomes firmer it maintains a more or less uniform struc- 
ture. Thrombi, however, which have undergone a* slow 
and gradual formation, are rarely thus uniform in struc- 
ture, but are made up of numerous concentric layers, and 
so present a stratified appearance. This is owing to the 
coagulation taking place gradually upon the inner 
surface of the vessel, and to the white corpuscles adhering 
to the successive layers of coagulum. These corpuscles, 
from the property which characterizes them of adhering 
to one another and to the sides of the vessels, and espe- 
cially to any porous substances with which they may 
come in contact, cohere with the layers of fibrin as they 
are deposited ; so that ultimately the thrombus is made up 
of layers of fibrin and white corpuscles more or less alter- 
nately and concentrically arranged. This gives to it a 
stratified appearance. 

T 2 
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The thrombns may completely or only partiallj fill the 
eavity of the yessel. In most cases, however, when 
ooagnlation has commenced, it proceeds until the vessel 
is obstmcted, and when once this has occurred, the forma- 
tion of the thrombus continues to extend in the course of 
the vessel until it meets with a current of blocMi strong 
enough to arrest its progress. Its ultimate extent will 
thus mainly depend upon the vessel in which it is formed, 
upon the size and situation of the collateral branches, and 
upon the force of the circulating current. The direction 
in 'vvhich the coagulation principally extends, whether in 
the arteries or veins, is consequently backwards, from 
vessels of smaller to those of larger calibre ; the formation 
of the thrombus continuing until it meets with a content 
sufficiently strong to restore the circulation, which in 
many cases is as far as the entrance of the next large 
collateral vesseL The end of the thrombus next the heart 
is rounded and conical in shape. 

The thrombus when once formed either becomes 
orgamzed or aofiene. The former is most frequent in the 
arteries, the latter in the veins and heart. 

Organization. — This consists in the gradual transforma- 
tion of the thrombus into connective tissue. A thrombus 
which is undergoing a process of organization gradually 
diminishes in size, it becomes more and more decolorized, 
firmer and more fibrous in consistence, its union with the 
waU of the vessel becomes more intimate, and ultimately 
it becomes converted into a fibro-ceUular cord. These 
changes are principally owing to the white blood- 
corpuscles. 

Soon afber the formation of the thrombus the number 
of white blood-corpuscles which it contains becomes 
greatly increased, whilst that of the red ones diminishes. 
In a somewhat more advanced stage the red corpuscles 
almost entirely disappear, the fibrin becomes firm and 
homogeneous, and in addition to the round white oor< 
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pnBdeB, uoineroiis anaetomoEdng 8pindle-8ha.ped ceUit with 
oval Dnclei make their appearance in the dot. (Fig. 66.) 
The iutercellolar material then becomee fibrillated, the 
walla of the Teeael become infiltrated with cells, and nu- 
merous new blood-TSBsels are formed which intersect the 
thrombttH in aJl directions. These Teseelscommnnicate with 
the cavity of the thrombosed veBBel, and with its vaaa 
vasormn. (Fig. 57.) The vaacnlar fihriUated stractnre 
into which the thrombus has become organized, gradnallj 
undergoes a process of atrophy and contraction, the new 




8e^im of an artfriut thromfnis IJnrty neven days old 
Uood veaaels b While biood^orpuBcles ui<^ 
cells. (RmdQeiscli.) 

vessels disappear, and nitmtately it is converted into a 
fibro cellular cord la some cases it becomes calcified, 
and thus forms a phlebohth. 

Bespecting the sonrce from ifhich the large number of 
new cells which make their appearance in the thrombus 
are derived — it appears to be most probable that they 
originate from white blood-corpnacles, and not from cells 
belonging to the walls of the vessel. Whether, however, 
th«y are all of them the offspring of the corposdes which 
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originall; esuted in the dot, or whether Bome c^ tbwn 
ma;' not be derived from other Boorces and Babeoqiien% 
penetrate it, is unknown. From these corpnsdea tlie 
elongated oonneotiTe tiaBue-celU are produced. The exact 
■onroe irom which the fibrillated intercellnlar materia is 
derived— whether the fibrin itself fibrillatee, or wheOier 
it diaappearB, and the fibres are derived from the proto- 
plum of the oeUs — is equally uncertain. 




\e Hffoliiral end (f He ervrti 
arierftifa dee, Jffli/ tk^ <ffltr lite appUcatlon o/l^ Iffn- 
lurs. Showing the newly-foriDBd vessels in the 
thrombaB and their commanicatloii with the Tssa 
vtuwnim. Tk. Thrombne. M. Mugciilar coat. 
Z, Eztenul e<wt aod mm vuontm. k 3». (0 W^wr.) 

Softening. — Ifthe thrombiiBdoea not become organized, 
it nanallj undergoes a process of softening and Uqndac- 
tion ; — this is most common in the veins and heart.- It 
is jHobable also that is some casea the thromboa maj 
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beoome absorbed. Tbe sofkening most freqnentlj com* 
mences in the centre of the clot, and gradually extends 
towards the circumference. The thrombus breaks down 
into a sofb pnlpj material, which sometimes has the 
appearance of pounded cooked meat ; and in other cases 
is distinctlj puriform in character. Under the micro- 
scope it is seen to consist of albuminous granules, 
molecular fat, and more or less altered red and white 
blood-corpuscles. These changes in the clot are fre- 
qnentlj owing simply to the disintegration of the fibrin, 
but in some cases it is probable that the thrombus may 
suppurate, and that owing to the proliferation of the 
white blood-corpusdes which it contains it becomes con- 
verted into true pus. The whole of the thrombus maj 
thus become softened, or the process may be limited to 
the more central portions, whilst the external layers 
become organized. Yery frequently as the older portions 
of the clot are becoming disintegrated and softened, fresh 
coagulation takes place at its extremities. 

Causes. — The causes of thrombosis are of two kinds— 
those which lead to a retardation of the blood-flow, and 
those in which there is some abnormal condition of the 
walls of the vessels or of the blood. 

1. Thrombosis from, Beta/rdaUon of the Blood'flow may 
result from — 

a. IfUerrv^tion or narrowing of the vessel, — ^This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends jels far as the 
first large collateral branches, thus permanently closing 
the vessel. The pressure exercised by tumours, cicatricial 
tissue, extravasations of blood, and Hiq closure of a vessel 
by the impaction of an embolus, may in the same way 
by impeding or arresting the circulation cause thrombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

fi» Solution of the contmvMy of the vessel, — ^The format 
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tion of ft thrombnB afker the diTision or tesaing of a 
▼easel, constitutes the means by which the hsBmorrhage 
is immediately arrested : — ^there must either be thrombosis 
or continuous hsemorrhage. In the arteries, the severed 
end of the vessel contracts and retracts within its sheath, 
coagulation commences around it, and extends upwards 
as far as the first large collateral branch. In the veins, 
hsamorrhage is frequently arrested by the valves, and the 
formation of a thrombus will evidently depend upon the 
relative situations of the valves and collateral vessels. The 
hsamorrhage from the uterus after the separation of the 
placenta, is arrested either by uterine contraction or by 
thrombosis. 

y. Dilatation of the veaseU, or of the heart. — The most 
familiar example of thrombosis from this cause, is that 
which occurs in an aneurism. The greater the amount of 
dilatation the greater is the retardation of the blood-flow. 
The coagulation commences at the sides of the vessel, 
and may extend until it completely fills the cavity. 
Coagulation from the same cause is not uncommon in the 
dilated plexuses of the prostate gland. In the heart 
thrombosis is most frec^uent in the auricles. It usually 
commences in the auricular appendix, where there is very 
little propulsive power, and it may gradually extend into 
the auricular cavity. It is also met with in the ventricles, 
commonly commencing here between the columns 
camera. 

B. Diminished ccurcHae power, — ^This is a common cause 
of thrombosis in the veins. The coagulation commences 
just behind the flaps of the valves, from which it gradually 
extends into the cavity of the vessel. This appears to be 
owing to the force of the current not being sufficiently 
strong to completely open the valves, and the blood 
consequently stagnates and coagulates behind them. 
The crural and iliac veins, the venous plexuses of the 
back, and the cerebral sinuses, are the situations' in which 
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thrombosis from this cause is most frequently met with. 
It occurs in the course of many chronic exhausting dis- 
eases in which the cardiac power becomes diminished, and 
has long been known under the name of " phlebitis." It 
is especially frequent in phthisis, cancer, and in chronic 
diseases of the bones and joints. The state of the blood, 
which often contains an excess of fibrin, together with the 
quiescent condition of the patient, materially aid in 
causing the coagulation. 

2. Thromhoais from Abnormal CondiUona of the VesseU 
or of the Blood, 

a. Causes vn the vessels.^—Ajij abnormal condition of 
the waUs of a vessel maybe a cause of thrombosis. When 
the wall becomes abnormal it acts as a foreign body, and 
the blood coagulates upon it, and may continue to do so 
until the cavity of the vessel becomes filled with coagulum. 
Thrombi produced in this way are consequently strati- 
fied. The walls of a vessel may become altered as the result 
of inflammatory processes, and inflammation was formerly 
regarded as the main, if not the only, cause of thrombosis ; 
hence thrombosis in veins is frequently termed " phle- 
bitis" at the present day. Inflammation of veins is cer- 
tainly rare as a primary condition, although it not un- 
frequently results from the formation of a thrombus. 
When occurring primarily, inflammatory processes, both in 
the arteries and the veins, have their seat in the external 
and middle coats or in the deeper layers of the intima. 
They never commence in the lining membrane of the 
vessel : this only becomes affected secondarily. The vita- 
Hty of the lining membrane becomes impaired as the result 
of the inflammatory process, and when this has occurred it 
acts as a foreign body, and thus there is a tendency for 
the blood to coagulate upon its surface. In other cases 
the lining membrane is completely destroyed, and the 
subjacent diseased tissues thus come into contact with the 
circulating blood, and in the same way cause the forma- 
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tion of ft thromboB. Sucli inflammatory changes occur 
in the arteries oonstitnting the condition known as 
''atheroma,*' which, in the smaller vessels, may be a 
cause of thrombosis. In the heart they constitute endo- 
carditis ; and here also, as has been seen, coagulation may 
take place upon the abnormal surface of the inflammatoiy 
vegetations (see " Endocarditis"). 

The walls of a vessel may also become altered and thus 
thrombosis result, from inflammation or gangrene of the 
tissues in which it is situated. The vitality of the vessel 
becomes destroyed and the blood coagulates within it; 
and by this means the occurrence of hssmorrhage is fre- 
quently prevented. The projection of new formations, as 
cancer, into the cavity of vessels, causes in the same way 
the formation of a thrombus. 

p. Gauges in the blood, — The greater the proportion of 
fibrin in the blood, the more readily will coagulation take 
place; hence all those conditions in which the fibrin 
is increased favour the occurrence of thrombosis. An 
excess of fibrin, however, is probably never sufficient 
in itself to determine the formation of a thrombus ; it 
can hence only be regarded as a predisposing cause. It 
is especially in those conditions in which the circulation 
is impeded from diminished cardiac power, that an excess 
of fibrin in the blood becomes an important agent in pro- 
ducing thrombosis. 

Results. — ^The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruction 
to the circulation, and embolism. These must be con- 
sidered separately. 

1. Changes in the vessels, — ^More or less alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organization, it becomes, as already 
described, intimately united with the vascular walL The 
latter in the first place becomes infiltrated with cells and 
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considerably thickened, but ultimately, together with the 
thrombus, gradually atrophies. It is when the thrombus 
softens and becomes disintegrated that the most impor- 
tant changes take place in the vessel. These changes are 
of an acute inflammatory nature, and appear to result 
from the irritating influence of the softened thrombus. 
They are most frequently observed in the veins, where 
softening is most liable to occur. 

The walls of a vein within which a thrombus is soften- 
ing are considerably thickened, so that the vessel more 
resembles an artery. The inner surface has lost its 
translucency, and is of a dead opaque colour. The vasa 
▼asorum are hypersemic. Under the microscope, the 
cells of the intima and of the middle and external coats, 
are found to be considerably increased in number, and 
numerous white blood-corpuscles are seen infiltrating the 
different textures. In some cases small collections of pus 
are seen in the external coat. Similar changes are ob* 
served in the arteries. 

2. Ohstrudion to the evrculat{on,'-^The consequences 
of the obstruction to the circulation which results from 
the formation of a thrombus, wiU depend upon the 
rapidity of its formation, the nature and size of the vessel 
obstructed, the situation and number of the collateral 
branches, and the force of the circulating current. When 
a thrombus forms in a vein of small size and there are 
numerous collateral vessels, as in the prostatic or uterine 
plexuses, the circulation is but little interfered with, and 
no symptoms of obstruction result. If, however, the 
main trunk of a large vein becomes obliterated, as that 
of the femoral or iliac veins, the obstruction is followed 
by hypersBmia, the extent and duration of which will 
depend upon the facility with which the circulation can 
be restored by the collateral vessels. Thrombosis in the 
above-named veins frequently occurs in the latter stages 
of many chronic diseases, especially in phthisis; also in 
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tlie puerperal state, where it giyes rise to the condition 
known as phlegmasia dolens. The formation of a tlironi- 
bos here is followed bj oedema and swelling of the limb, 
which becomes tense, elastic, and painful. In the early 
stage there may be some cyanosis, bnt this is nsuaJly 
quickly followed by a pallid whiteness of the surface. 
There is often more or less tenderness in the course of the 
yein« which feels enlarged, hard, and knotted, owing to the 
secondary inflammatory changes in its walls. At the 
same time there is frequently swelling and tenderness 
of the lymphatics, which may be seen as red lines 
traversing the limb. Diffuse inflammation of the skin 
and subcutaneous cellular tissue may also occur. These 
changes are owing partly to the mechanical impediment 
to the circulation, and partly to the obstruction of lym- 
phatics, and to the secondary inflammatory processes 
in the vein and tissues which ensue. The circulation is 
usually ultimately restored ; but if the impediment has 
been of long duration, the tissues become thickened, and 
the limb is left in a hard, indurated, and somewhat en- 
larged condition. 

The formation of a thrombus in an artery is followed 
in the first place by anasmia of the parts supplied by it ; 
the ultimate result wiQ depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. If the circulation is quickly re-established, as is 
usually the case, the vitality of the tissues may not 
become impaired ; but if not, the part may undergo a 
process of molecular disintegration and softening, the 
softened tissue often being surrounded by a zone of 
hypersamia which results from the attempt to establish a 
collateral circulation. 

3. Emholisin. — Portions of the thrombus may be 
carried away by the circulation, thus constituting em- 
bolism. This, which is the most important result of 
thrombosis, will be considered in the following chapter. 



CHAPTER XXXIX. 

EMBOLISM. 

Embolism is tlie arrest of solid snbstances circulatiiig 
in the blood in vessels wliicli are too small to allow them 
to pass. The solid substances are termed emhoU. These 
are very various in their nature. 

By far the most frequent source of emboli are thrombi, 
portions of which are carried from the seat of their 
formation by the circulation, and become arrested in dis- 
tant vessels— thus constituting embolism. A thrombus 
may give rise to emboli in various ways. It may soften 
and break down, and if the lumen of the vessel be thus re- 
stored, its fragments become distributed by the blood-cur- 
rent. In those cases in which the thrombus does not fill the 
vessel, portions of it may readily be carried away by the 
blood passing over it. Perhaps, however, the most frequent 
way in which a thrombus gives rise to embolism, is by its 
conical end being broken off by the current of blood from 
a collateral vesseL The formation of a thrombus, as 
already described, usually ceases opposite the entrance of 
a large collateral vessel, and if its conical end project a 
little way into the cavity of this vessel it may be readily 
broken off by the blood-current. (Fig. 58.) It is especially 
venous thrombi which give rise to embolism : the veins 
of the leg, the iliac, hypogastric, and jugular veins being 
amongst the most common sources. Emboli from cardiac 
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tiintmbi are abo exceedingly oommoa; whilst thoae &om 
arterial are tlie least frequent.' 
Fia. 6& 




A ihrombm in >aphmoH$ pdn. Bhavring the projection 
of the conical end of the thrombns Into the femonl veBseL 
S. Snphenoua veiiu T. Thrombag. C. Coaical end pro- 
jeotinK into femontl rem. At v v, oppoeite the vaJrea, the 
thrombnB ia aoftened. (Virchow,) 

Emboli maj, liowever, originate independeutlj of 
thrombi ; — vegetatdonB, and calcareoaa or atkeromatotis 
masses separated from the Talves of the heaji, or from 
the inner anrface of arteries ; portions of new fprowtha, as 
oucinoma, which haTing perforated the vessels, haye 
been carried awaj by the eairent ; parasites which have 
made their way uito the interior of vessels; pigment 
grannies, and other Bnbstances, may all oonstitnte em- 
boli. 

The emboli become arrested in the first vessels th^ 
meet with which are too small to allow them to pass : the 
sizeofthevessel will conseqaeutly depend npon the size of 
the emboluB. They are often so minute that they pass 
intoondbecomeimpaoted inthe smallestcapiUariefi. The 
seat of impoctioii is nsnally at the bifurcation of the 
vessel, or where, from the giving off of branches, the calibre 
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is dimmisliing rapidly. (See Fig. 59«) Thus emboli 
originatiiig in the systemic veins or in the right cardiac 
•cavities, will most commonly become arrested in the vessels 
of the Inngs ; those originating in the arteries, the left 
cardiac cavities, or the pulmonary veins — ^in the systemic 
arteries and capillaries, especially in those of the 
spleen, kidneys, and brain ; and those originating in the 
portal venous sjistem — in the hepatic branches of the 
portal vein. In some cases, however, the smallest emboli 
may pass through the capillaries of the lungs and become 
arrested in those of the kidneys, spleen, or other organs. 
Thus, with the exception of emboli originating in the 
portal vessels, the seat of arrest is the arteries or capil- 
laries. 

The emboli are usually carried in the direction of the 
main current ; hence those carried by the aortic stream 
more commonly pass into the thoracic aorta than into the 
carotid and subclavian vessels, and into the left carotid 
and renal artery than into the corresponding arteries of 
the opposite side. Gravitation also influences the direc- 
tion in which they are carried, especially those of large 
size which move somewhat more slowly than the blood- 
. stream. Owing to this, they are more common in the 
lower lobes and posterior parts of the lungs than in the 
superior and anterior portions of these organs. 
The embolus when arrested, may either completely or 
li^' only partially fill the cavity of the vessel. If, as is fre- 
P quently the case, the arrest takes place at a point of 
W bifurcation, the embolus may partially fill both branches, 
allowing a small stream of blood to pass. This may 
^' break off portions of it, and so - cause secondary emboli, 
|0 which become impacted in more distant vessels. The 
^^ amount of obstruction which immediately follows the 
tl^' arrest, will partly depend upon the nature of the embolus 
^ itself. If this is from a soft recently-formed thrombus, it 
^i will adapt itself to the cavity of the vessel, and so com- 
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pletelj ocdnde it. If, on the other hand, it ia iiregniar in 
shape and firm in consitrtieDce, oa a calcified cardiac 
vegetation, it maj not fill the vesBel, but allow a small 
omrrent of blood to pass it. 

The arrest of the embolus and the conseqaent obstiiie- 
tion to the circulation, are followed by the formation cf 
thrombi behind and in front of it, which extend as far aa 
the entrance of the first large collateral vessels. (Fig. £9.) 




id at the HflircaaBn iff a bram^ <if Pta 
BHtnonorji arUry. Showing the (onnation of thrombi 
behind and in front of it, and the extentdon of these a^ 
fu >B the entmnee of the next ooll&tenl veBsels. 
S. Embolus. I f. Thrombi. (Virchow.) 

If the embolna does not completelj fill the vessel, fibrin 
is deposited in anccessive lajers npon its surface antil the 
occlnsion of the vessel is complete, and then the secondai; 
thiombas extends aa in the former wae, nntU it meets 
with a onrrent of blood strong enough to arrest its pro- 
gress. If the embolna is a portion of a soft thrpmbos, it 
will in most cases be impossible to dietingoiBh it from the 
secondary thromVaa which STuTonnds it. If, however, it 
is a calcareooB maas, or a portdon of an old thrombtiB, it 
maj nsnally be distingnished &om tiie more recent 
eeoondar; coagnlom. The changes in these secondai; 
thrombi are similar to those already described as occurring 
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in the primarj,— comprising adhesion to the wall of the 
vessel, softening, and organization. 

Results. — The resnlts of embolism are of two kinds:— 
those depending npon the mechanical obstruction to the 
circulation, and those produced by the irritating or in- 
fective properties of the emboli themselves. 
) The first series of changes are those occurring in the 

walls of the vessel within which the embolus becomes 
arrested. If the embolus possesses no infective pro- 
perties, being derived from a source where no putrefactive 
changes are taJdng place, it, together with the thrombus 
which it causes to form around and beyond it, simply 
becomes organized or reabsorbed, and tiie walls of the 
vessel become more or less thickened. If, on the other 
hand, the embolus is impregnated with pus or putrid 
substances, it is very liable to cause inflammation and 
sloughing of the walls of the vessel within which it is 
impacted. 

The most important changes, however, resulting from 
embolism are those which take place in the organ or tissue, 
,f^ the vessels of which have become plugged by the emboli. 
u' ^ The first effect of the plugging of a vessel by an embolus, 
'^^ is the arrest of the circulation through it, and if the vessel 
"^ be tlie main nutrient or fnnetional artery, this is followed 
by the sudden cessation of the function and nutrition of 
the part. Thus, plugging of one of the larger arteries in 
the brain is followed by sudden loss of conscious- 
ness and paralysis (apoplexy) ; plugging of the 
pulmonary artery, by sudden asphyxia; and of the 
coronary arteries, by sudden paralysis of the heart. The 
subsequent changes will depend upon the structure of 
the organ, the arrangement of its vessels, and the facility 
with which a collateral circulation can be established, If 
the circulation be quickly re-established by the collateral 
vessels, the part recovers itself without undergoing any 
stroctoral change, and its nutrition and functions are 

u 
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restored. If, howerer, this is not the case, and the nu- 
trient supply is materiallj interfered with, either by the 
obstruction of the main vessel, of the principal branches, 
or of the capillaries themselves, — ^the death of the part 
must necessarily ensue. The interference with the circu- 
lation is in great measure dependent upon the thrombosis 
which occurs around the impacted embolus. The whole 
of the tissue thus cut off may suddenly die, or, as is more 
commonly the case, it undergoes a process of gradual 
molecular disintegration. This molecular death is in 
most cases attended by softening, and the softened tissues 
are usually surrounded by a zone of intense hyperaemia, 
which results from the stress which is thrown upon the 
collateral vessels. * This zone of hyperssmia is very 
characteristic, and indicates at once the nature of the 
lesion. 

The hypersamia of the adjacent vessels, which results 
from the obstruction of the main or of several of the 
smaller branches, very frequently leads to the extravasa- 
tion of blood. The distended capillaries give way, 
and the blood escapes and infiltrates the surrounding 
tissues. The tract of tissue within which the circulation 
has thus become arrested from the impaction of the em- 
bolus and the resulting thrombosis, and which is more or 
less extensively infiltrated with blood, is known as a 
hoemorrhagic infarct These hasmorrhagic infarcts are 
very frequently met with, especially in the lungs, spleen, 
and kidneys. They are red masses of consolidation, and 
owing to the distribution of the blood-vessels, are usually 
wedge-shaped, the apex of the cone being towards the 
centre of the organ. If the circulation is not quickly 
restored, a process of molecular disintegration and soften- 
ing commences in the central portions of the infarct 
(Fig. 60.) The more complete the obstruction, the mow 
vascular the tissue, and the less the vessels are supported, 



tlie greater ia the amount of iafarction, and the more 
rapid the Hoiteamg and dismtegration that ensnea. 




Diairnan of an snboJIc infarct, a. Aiier; oblileraled 
by SD embolna if), d. Vein filled with i ^bcaDdtiry 
thrombus (fM. 1. Centre of infarct which ia becoQiiiie 
disint^nCed. % Area of eitrsraaation. S. Arek of 
colktenl hypenamU. (0. Weber.) 

The eabseqiteiit changes which take place m the red 
infarct depend upon its size, upoii the extent to which the 
circalation in it is interfered with, and upon the nature of 
the emboloB which caused the infarction. If the infarct 
ia smoU and the circulation still continues in parts of it, 
and if the embolna possesses no infective properties, the 
coagulated hlood ma; gradnollj become decolorized, and 
the maes become partially absorbed or organized. The 
infarct then changes from a dark red to a'hrown or jellow 
tint, the fibrin, becomes organized into connective tissne, 
and the whole gradually oontracts, until ultimately a 
cicatrix may be all that remains to indicate the change. 
If, however, the infarction ia conaiderable, and the cboula- 
tiou ia completely arrested, a proceae of moleonlar diaiat«' 
02 
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gration and softening commences in tke central portions 
of the tissue which may ultimately involve the whole 
mass, and the infarct then -becomes converted into a 
pnlpy granular material, which may subsequently dry up 
and become encapsuled. Lastly, if the embolus possesses 
infective properties, as when it is derived from a part 
where putrefactive inflammatory changes are going on, it 
sets up inflammatory processes both in the vessel within 
which it becomes impacted, and also in the surrounding 
thrombosed tissue. In this case the infarct rapidly be- 
comes disintegrated, and is converted into a purulent 
liquid. This is the embolic ahscess. In all these secondary 
changes which take place in the infarct, its most external 
portions are surrounded by a red zone of hypersemic 
tissue. This is exceedingly characteristic. 

EMBOLISM IN THE BRAIN. 

The impaction of emboli within the vessels of the brain 
is one of the causes of cerehrcd softening. The softening 
resulting from embolism is, for the most part, entirely 
dependent upon the obstraction to the circulation caused 
by the embolus. It is rapidly induced, and is usually 
attended by the extravasation of blood, and it constitutes 
by far the most frequent condition known as acute red 
eqfteni/ng. If, however, the interference with the circula- 
tion is slight, there may be no extravasation of blood and 
the process of disintegration may be more gradual, so that 
the softened portions are white in colour, and the condition 
resembles the chronic white softening already described 
as resulting from degeneration of the cerebral blood- 
vessels (see " Fatty Degeneration of the Brain"). The 
softened tissue will also be white in colour when one of 
the large vessels is obstructed, so that a large portion of 
one hemisphere loses its vitality. In such cases, only the 
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pia mater and the most superficial layers of the cerebral 
substance may be hypersBmic. In almost all cases in 
which softening of the cerebral substance results from 
embolism, the embolus is arrested in one of the vessels 
beyond the circle of Willis, because here the circulation 
cannot be readily restored by the collateral vessels. 

When the interference with the circulation is attended 
by considerable extravasation of blood, the softened 
portion, in the early stage, is either of a uniform dark red 
colour, or presents numerous red hsBmorrhagic points. 
The softening is most marked in the centre, whilst the 
hyperasmia and redness may extend for some distance 
around it, so as even to involve the membranes. Under 
the microscope, the softened portion is seen to consist 
of broken-down nerve fibres, altered blood-corpuscles, 
granules of fat, and the large granular corpuscles which 
result from the fatty degeneration of the nerve-cells and 
of the cells of the neuroglia (see Fig. 3, 5). The surround- 
ing capillaries are dilated and filled with coagula, and the 
granular corpuscles envelope their walls. In a more 
advanced stage aJl trace of nerve structure is lost, the 
softened mass becomes decolorized, and passes from ^ dark 
red colour to a chocolate, brown, yellow, or even white. It 
^ay liquefy and form a cyst ; more commonly, however, 
it gradually dries up, and a process of repair takes place 
by the growth of the surrounding neuroglia, which 
forms a fibrouB network in the place of the softened 
tissue. This contracts, and ultimately a cicatrix with 
hsematoidin crystals may be all that remains. 
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Cerebral softenings, 89 
Clots, post-mortem, 274 

,, ante-mortem, 275 
CoUoid cancer, 179 

„ degeneration, 47 
Condylomata, 168 
Congestion, see " HypersBmia " 
Connective tissue, fatty infiltration of, 50 
„ „ inflammation of, 213 

„ „ suppuration of, 215 

Cornea, inflammation of, 211 
Corpora amylacea, 71 
Corpuscles, exudation, 32 
Croup, 235 
Cysts, 188 



Degeneration, 28 




amyloid, 57 




calcareous, 73 




causes of, 29 




colloid, 47 




fatty, 31 




mucoid, 45 




pigmentary, 79 


Diphtheria, 235 


Disease, < 


iefinition o( 1 



Embolism, 285 

„ in brain, 292 

„ results of, 289 

Emigration of white blood-corpuscles in inflammation, 1 96. 
Encephaloid cancer, 175 
Enchondromata, 129 
Endocarditis, 222 

,, acute, 228 

„ chronic, 224 

Epithelioma, 176 
Exostoses, 135 
Exudation corpuscles, 32 
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Exudation in inflammation, caose of, 203 

,, of liquor sanguinis in inflammation, 198 
„ in mechanioil hypersBmla, 271 

Fat, source of, in fatty degeneration, 86 

„ „ infiltration, id • 

Fatty degeneration, 81 

„ ,, causes o^ 85 

„ „ of arteries, 87 

,, „ ' of bnuD, 89 

„ ,, of heart, 42 

„' ,, ofmuBcle^ 41 

„ infiltration, 49 

„ , , of connectiye tissue, 50 

,, „ of heart, 52 

„ „ of liver, 58 

„ „ of muscle, 50 

Fibromata^ 106 
Fibroplastic tumour, 113 

Gaxobenb, 10 

„ causes of, 15 

„ dry, 11 

„ evidences of, 11 

„ moist, 11 

„ senile, 18 

Genesis of cells, 8 
Glioma, 114 
Gluge, corpuscles of, 32 
Grey granulation^ the, 145 
Gummata, 118 

Hjsicatoidin, 80 
Hsemorrhagic infarct, 290 
Heart, fatty degeneration of, 42 
„ „ infiltration of, 52 

„ inflammation of, 222 
Heterology, 99 
Homology, 99 
Hypersemia, 267 

„ active, 267 

„ mechamical, 270 

„ i>o8t-mortem appearances of, 272 
Hyperplasia, 89 
Hypertrophy, 88 

Infabot, 290 
lufiltrations, 30 
Infiltration, fatty, 49 
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Inflammation, 


193 


tt 




acute, 207 


f* 




alterations in nutrition in, 199 


>» 




as cause of gangrene, 17 


it 




causes of blood-stasis in, 202 


$y 




changes iq the blood-vessels and circulation, 194 


>» 




chronic, 207 


f» 




emigration of red blood-corpuscles in, 198 


}> 




,, of white blood-corpuscles in, 196 


)* 




exudation of liquor sanguinis in, 198 


}> 




formation of pus in, 204 


>> 




idiopathic, 208 


f > 




infective, 208 


»» 




specific, 208 


») 




traumatic, 208 


»9 




varieties of, 207 


9» 




of blood-vessels, 220, 283 


If 




of bone, 217 


9) 




of brain and spinal cord, 264 


>f 




of cartilage, 210 


»9 




of common connective tissue, 213 


l» 




of cornea, 211 


}» 




of heart, 222 


}} 




of kidney, 245 


a 




of liver, 241 


»} 




of lungs, 253 


»i 




of lymphatic structures, 226 


f 9 




of mucous membranes, 232 


)j 




of serous membranes, 237 


Inflammatory 


new formations, nature of, 91 


Intestine, 


tubercle in, 155 


>> 


typhoid ulceration of, 229 



Kidney, amyloid degeneration of, 65 
inflammation of, 245 
interstitial nephritis (cirrhosis), 246 
leukemic growth in, 142 
suppurative nephritis, 245 
tubal nephritis, 249 

Labdaceous degeneration — 9U ** Amyloid Degeneration*' 
Leukemia, 140 
Lipomata, 127 
Liver, abscess of, 241 

„ acute inflammation of, 241 

„ amyloid degeneration of, 63 

,, cirrhosis of, 241 

„ fatty infiltration o^ 53 
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Liver, leukemic growth in, 142 
„ red atrophy of, 244 
„ syphilitic growths io, 120 
LuDgs, abscess o^ 255 

„ brown induration of^ 87 
,f catarrhal pneumonia, 256 
„ „ „ acute, 257 

,1 ,1 M chronic, 258 

„ cirrhosis of, 268 
„ croupous pneumonia^ 258 
„ gangrene of^ 256 
,, inflammation of, 258 
„ interstitial pneumonia, 262 
„ pigmentation of, 84 
,, phthisis, 258 
,, tubercle in, 156 
Lymphadenoma, 148 

Lymphatic glands, amyloid degeneration of, 69 
„ ,, leuksemic growths in, 141 

,, „ inflammation of, acute, 226 

„ „ „ „ chronic, 227 

„ „ non-inflammatory enlargement of, 189 

„ „ tubercle in, 154 

„ structures, inflammation of, in typhoid fever, 228 
Lymphomata, 187 

„ simple, 189 

Malionakot, 101 

Mammary gland, adenoma of, 165 
„ „ scirrhus of, 170 

Melanin, 82 

Meningitis, tubercular, 152 

Metamorphoses, 29 

Mortification, 10 

Mummification, 11 

Mucoid degeneration, 45 

Mucous membranes, adenomata of, 165 

„ „ catarrhid inflammation of, 282 

„ ,, croupous inflammation of, 234 

,, ,, tubercle in, 155 

Muscle, fiatty degeneration of, 41 
„ fatty infiltration of, 50 

Myeloid tumour, 115 

Myomata, 188 

Myxomata, 124 

Nkobobtosis, 22 
Necrosis, 10 
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New fonnations, 90 

tt tt classification o^ 104 

»» » constitutional predisposing causes of, 91 

,9 „ direct exciting causes of, 95 

,9 i9 etiology of, 91 

»» >» origin of, from emigrant cells, 96 

*i » relation of, to the surrounding tissues, 100 

>» » retrogressive changes in, 101 

Nervous system, as cause of disease, 3 
Neuromata, 184 
Nucleoli, 7 
Nucleus, 7 

„ function of, 7 
Nutrition, arrested, 10 
„ definition of, 1 
„ impaired, 20 
„ increased, 88 

OSTEOMATA, 134 

Osteo-chondroma^ 131 
Osteophytes^ 135 

Pafillomata, 161 
Pia mater, tubercle in, 152 
Phlegmasia dolens, 284 
Phthisis, 158, 256, 258 
„ " ColliersV 85 
„ fibroid, 262 
„ tubercle in, 158 
Pigmentaiy degeneration, 79 
Pigmentation, false, 83 

„ of lungs, 84 

Pigment, source of, 79 
Pneumonia, acute catarrhal, 257 
„ chronic catarrhal, 258 

,t croupous, 253 

,, interstitial, 262 

Post-mortem, staining, 12 
Pus, characters of, 204 
,, origin of, 205 
Protoplasm, 5, 6 

RIOOB mortis, 12 
ft „ nature of change in muscle in, 14 

'* Sago spleen, '' 68 
Sarcomata, 109 

myeloid, 115 
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SMTOomata, round celled, 114 

,, spindle- celled, 118 

Scirrbus cancer, 178 

Senile grangrene, 18 ^. . n*^ 

Serous membranes, inflammation of, 161 
Stongb, separation of, 14 
Spinal cord, inflammation of, 264 
Spleen, amyloid degeneration of, 68 
leukseroic growths in, 141 
„ in typhoid fever, 228 
Suppuration, 204 
Syphilifl, new formations of, 119 

Thbombobis, 274 



causes of, 279 
„ results of, 282 



l!hrombu8, 275 

„ softening of, 278 

„ organization of, 276 

Tumours, tee ** New Formations" 

„ definition of, 90 
Tubercle, 145 , 

„ artificial production of, 15U 
„ etiology of, 160 
in intestine, 155 
in lungs, 166 
in lymphatic glands, 164 
in mucous membranes, 165 
in pia mater, 152 
„ in pulmonarj' phthisis, 158 
Tuberculosis, acute miliary, 156 

„ infective nature of, U'U 

Tubercular meningitis, 152 
Typhoid fever, 228 

Ulcbbation, tubercular, of intestine, 155 
typhoid, of intestine, 229 

Wabtb, 163 
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